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The subject of this thesis concerns the development of a Local Area 
Network (LAN) for the Department of Electrical and Electronic Engineering 
at the University of Cape Town. 
Motivation for this project was as a result of the ever increasing 
demands placed on the department's micro-computer training facilities by 
larger student intakes. The original training system consisted of a PDP 
11/23 mini-computer connected via 9600 baud asynchronous links to 11 U.C.T. 
built micro-computers. This network topology was limiting in three ways: 
1. It was slow because of the 9600 baud links and because the PDP was 
doing a large proportion of the processing. 
2. High-leve 1 software development tools for the PDP were too expensive 
and would over-load the computer. Because the micro-computers have 
no operating system but only an "in-house" monitor program which is 
not able to support any high-level language utility, all high-level 
software tools would have to be individually developed for this 
particular environment. 
3. Switching was impractical. Because the PDP was the hub of the 
network all communication between computers had. to pass through it. 
This switching would lead to a greater processing load on the PDP, 
thus further degrading its pe~formance. 
A two pronged attack was used to overcome these weaknesses: firstly, 
by designing a high-speed (1 Mbps) LAN to provide communications between a 
PDP 11/23 and up to 30 U.C.T. built micro-computers, faster intercomputer 












Secondly, by customizing an operating system for the micro-computers, 
standard high-level software development tools could be used on these 
computers, consequently reducing the PDP's processing load. 
This report details the development of this LAN, beginning first with 
a study of PDP and the micro-computers, with their respective operating 
systems. The IEEE 802 standards, a group of standards relating to LANs, 
are then briefly discussed. A 1 Mbps version of the IEEE 802.4 standard 
for Token-passing bus networks was used in this project. 
The development of the hardware and software to interface both the 
micro-computers and the PDP 11/23 to the network with the help of a Western 
Digital access controller chip, the WD2840, is described. 
The next level of development was the customization of Digital 
Research's CP/M Operating System for use on the micro-computers. Its 
adaption permitted the use of any CP /M program on the micro-computers, 
specifically Digital's CP/NET. This software package creates a network-wide 
CP/M system, thereby enabling remote program storage, rei:note print spooling 
and the use of other remote peripherals. 
The final section of the report details the tests ~erformed in order 
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Since its inception in 1980, the computer network within· the 
Department of Electrical and Electronic Engineering at the University of 
Cape Town has undergone major changes. In that year the department acquired 
a PDP 11/23, 4 terminals and a printer for undergraduate computer training. 
The department decided upon two areas of computer tuition: 
1. Control or "Real-time" programming 
2. Micro-processor assembly language programming 
The first of these was provided by RTI../2, a real time language which 
runs under the PDP's operating system. A masters student, B.G. Sherlock; 
developed the interface to the control hardware and designed a software 
simulator. (For further details please refer to reference (11.) 
The second area of programming, that of micro-processor assembly 
language programming, was developed largely by two students, J.A. Eva and 
J.G. Jack. They contributed to the design and development of a micro-
computer and wrote a considerable amount of support software. Their work is 
described in references [2] and (3]. 
By the start of the 1984 academic year, which was when this project 
began, eleven 8085-based micro-computers had been built. Because of cost 














Instead, these computers were linked, along with 6 "dumb" terminals and a 
printer, to separate asynchronous ports on the PDP. 
In order to reduce the computing load on the PDP, distributed 
processing was necessary. A full-screen editor, an 8085 assembler and an 
assembly code run-time debugging program had been written for the micro-
computers. With the aid of these programs, users could create, assemble, 
debug and execute their assembly code programs on the micro-computers and 
use the PDP, via the network, for pro gr am storage and pr int spooling. 
Terminal emulation was also provided, enabling the micro-computers to be 
used as unintelligen~ terminals to the PDP for RTL/2 compilation and 
execution. The micro-computer editor was again used when writing these 
RTL/2 programs to ensure the least possible load on the PDP 11/23. 
Printer 
11 Mlcra-colllflut•ra 
' ou .. b PDP 
Ter111lnah : 
Figure 1.1 - The 1984 Network 
1.2 Problems Associated with the Current Topology 
Three prominent weaknesses of the 1984 network were: 
1. Speed - The lines connecting the micro-computers to the PDP operated 
at 9600 baud. It therefore took approximately 45 seconds to transfer 
the longest possible file (44k bytes) between the PDP and a micro-
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2. Switching - In the star network al 1 communications were be tween the 
PDP 11/23 and the micro-computers. For two micro-computers to 
communicate required the invocation of a PDP utility or some program 
written specially for the purpose. There are in addition a number of 
computers dispersed around the department which, if linked to this 
network, could extend the resources available to the students and in 
turn use the resources provided by the network. The provision of this 
intercommunication, however, would mean that the already overloaded 
PDP wo.uld have to act as a switch, th·ereby further reducing its 
performance. 
3. Limited high-level software tools - Because the micro-computers only 
have a simple monitor program and no operating system, their high-
level software tools (e.g. compilers) have to be developed within the 
department. Similar software for the PDP is too expensive and, if 
used, would again reduce the mini-computer's performance. 
1.3 The Motivation 
In the present computer topology, a computer (the PDP 11/23) provides 
services via a multiplexer unit to a number of terminals and micro-
computers. Investigations revealed that with the increase in the ntnnber of 
tasks running on the PDP, terminal response degraded. One of the major 
tasks performed by the PDP in this environment is the 1/0.processing. This 
is clear if one considers that 16 terminal devices, each having its own 
input and output queues, have to be serviced and that the predominant task 
is file transfer between th~ PDP and micro-computers. 
A suggested method of reducing this high 1/0 processing load is to 
substitute the indivi.dual point-to-point 9600 bps links between the PDP and 
terminal devices with a single high-speed (1 Mbps) multi-drop bus LAN. By 
using block transfer rather than the slow character-by-character transfer, 
and because only one port has to be serviced, the amount of 1/0 processing 














A LAN inherently provides a means of multiplexing, thus in a logical 
sense the original point-to-point system and the LAN syl?tem are precisely 
the same. That is, the PDP 11/23 provides a service to a number of 
terminal devices attached to it by (logical) point-to-point links. The 
difference is that the multiplexing function in the latter case is provided 
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Once it has been established that a LAN is an acceptable way of 
improving the teaching system as a whole, the next step was to choose the 
appropriate LAN architecture. It should be noted that a LAN does not 
simply define the transmission method and speed, and the access method, but 
also the protocols used for information transfer, i.e. all the layers of 
the ISO Reference Model (ISO/DIS 7489) are defined. The choice of the 
architecture would thus remove both of the above bottlenecks. 
The variety of LAN architectures to choose from is almost endless 
nowadays because of the sudden popularity of off ice automation and the one-
pe't-desk philosophy. In general, it is best to limit the choice of a LAN 
architecture to one that complies with an accepted standard, one of which 
is the IEEE 802 standards. Appendix J contains a lengthly discussion on 
the different IEEE architectures, their performance, reliability and error 
handling capabilities. It suffices here to state the conclusions that the 
author drew based on his discussion in Appendix J: 
A version of the IEEE 802.4 Token-passing Bus Standard was chosen 
because: 
1. It has the least complex physical level. 
2. The difference in throughput and delay, i.e. the components of 
performance, between the Token-passing Bus and the other networks 
was not significant.within the requirements of this network. 
3. The token-passing Bus is at least as reliable as the other networks 
defined by the IEEE 802 standards. 
Another factor that swung the scales was the availability of an 
access controlling IC for the token-passing Bus. This chip, Western 
Digital's WD2840 Token Access Controller, implements a version of the 
Token-passing Bus architecture which differs slightly from the IEEE 802.4 












- The Motivation 
the WD2840, the IEEE 802.4 standard was adhered to. It should be.noted 
that following the IEEE 802.4 standard to the letter would have led to a 
complex and expensive solution. 
1.4 The Proposed LAN 
1.4.l The Proposal 
The aim of the project was thus to design and build a l Mbps Token-
pas sing Bus LAN incorporating Western Digital's WD2840 Token Access 
Controller. With the aid of the services provided by the LAN, Digital 
Research Incorporated's CP/NET had to be used to create a distributed 
computer system. 
From the terminal, the user will simply see a CP/M system. To make 
the PDP file server and printer facilities available, CP/NET was used. By 
running CP/NET a user may log onto a number of resource providers or 
"Servers", as CP/NET calls them, via the network. To allow for this the 
Token-passing bus architecture was used, as implemented by the WD2840. The 
network architecture permits the transmission of messages between any two 
nodes, thus allowing the possibility of more than one Server. 
To improve the speed of communications, a 1 Mbps transmission speed 
was used. (1 Mbps was. chosen as it is the maximum speed for the WD2840 
access controller chip.) 
The construction of this network overcomes the weaknesses of the 
original network in the. following ways: 
1. In order to use CP /NET on the network a CP/M environment had to be 
created on the micro-computers. This meant that the large variety of 
inexpensive CP/M software became available. At the same time, the 
processing load was moved from the PDP to the micro-computers. 
2. The problem of switching is overcome because the original star 
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. allows for switching. CP/NET, in turn, provides the software for the 
switching. 
3. Because the network speed is increased to 1 Mbps, the transmission is 
faster than the combination of eleven 9600 bps lines used in the 
original network. 
This proposal is also expandable and does not require any expensive 
hardware - two desirable factors. 
1.4.2 Introduction to LANs 
According to Abrams [4), "a local network is a communications network 
that provides for the interconnection of a variety of data-communicating 
devices within a small area." In order to provide a broader view, 
Tanenbaum [5) lists a LAN's general characteristics as follows: 
1. It will usually be small rn geographical extent, of the order of a 
few kilometers. 
2. The overall data rates are high - 1 Mbps and above. 
3. Both the network and data terminal equipment (DTE) are usually owned 
by the same company, i.e. it is not a service provided by an external 
company as is the case in long-haul networks. 
Fritz et al. [6) adds to the list: 
1. There is usually full interconnection between all the DTEs on the 
network. 













- The Proposed LAN 
3. There is generally no restriction on the type of DTE used on the 
network. 
A LAN therefore has the desired aspects of speed, interconnection and 
reliability. Furthermore, a LAN is essentially a switch. 
1.4.3 The IEEE 802.4 Standard 
When embarking on a project of this nature it would be wise to first 
study the relevant standards, if only to draw out a number of guidelines 
for development. The IEEE have prepared a suite of standards for LANs 
known as the 802 standards. For this particular network the IEEE 802.4 
standard for Token-passing Bus networks is the relevant work. Below is the 
background and a brief outline of the IEEE 802.4 standard. (Should the 
reader require further information he is requested to ref er to the 
ANSI/IEEE 802.4 - 1985 standard.) 
With the increased demand for computer communication caused by the 
development of LSI technology and the subsequent creation of the micro-
processor, manufacturers began designing local computer networks based on 
their interpretation of the ISO RM (ISO/DIS 7498). This led to a 
proliferation of LAN archit·ectures. In an attempt to standardize on a 
certain LAN architecture the IEEE appointed a committee, known as the 802 
committee. 
Very early in its existence the IEEE 802 committee realized that it 
was unable to standardize on a single LAN architecture. Thus a number of 
sub-committees were formed to examine the different networks. By the 
beginning of 1985 standards defining four architectures had been drafted, 
namely: 
1. ANSI/IEEE 802.3 - 1985 defining a baseband CSMA/CD bus network 
2. ANSI/IEEE 802.4 - 1985 defining both a broadband and 
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4·. ANSI/IEEE 802.S - 1985 defining a baseband Token-passing ring network 
The ISO RM describes any computer communications system. Those 
layers that relate to the physical network configuration are the lowest 
two. It is these layers· that the 802 standards define specifically for 
LANs. The Physical and Data-Link layers are redefined as the Physical 
(PHY), Media Access Control (MAC) and Logical Link Control (LLC) layers. 
The PHY layer controls the physical signal ling over the :De twork, the MAC 
layer controls the access to the shared medium, and the LLC layer is in 








~rnLC :.-- ~c 
-- PHY 
ISO RM IEEE 882 
Figure 1.2 - The ISO Model and the IEEE 802 Model 
1.4.4 The ANSI/IEEE 802,4 Token-passing Architecture 
Token-passing is a distributed polling access method used to provide 
controlled sharing of a common medium by a number of terminal devices. 
Essentially the Token-passing operation is this: the right to the 
network is passed from st·ation to station around a logical ring on the bus 
network in the form of a unique control frame cal led the "token". The 
station that is addressed by the token may transmit up to a pre-defined 
maximum number of frames or simply pass the token to .its successor. Token 
rotation is in descending order of station addresses, except that the 
lowest station passes the token to the station with the highest active 
address in order to complete the logical ring. Each station keeps a record 
of its own address, its successor's address and its predecessor's address. 












- The Proposed LAN 
IEEE case, or ascending order which the WD2840 uses), the quick inclusion 
of new stations and the re-establishment of the logical ring after failure, 
1s facilitated. 
I 
Own Addreaa • et4S Own Addreaa • !S't 
Predec•••or • 2S61 Predeceaaor • 1371 
Succeaaor • 2118 Succeaaar • 214S 
/ 
......... 
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Succ•••or • 13?1 Succeaaor • 2S61 
Figure 1.3 - The Logical Ring on a Token-bus Network 
Although the IEEE 802.4 standard defines the lowest two layers of the 
ISO RH, the whole model holds true as this is a full open system, i.e. a 
LAN architecture defines all the layers from the Application to the 
Physical layer. 
~his method requires much maintenance. Below is a list of the 
minimum functions that one or more (depending on centralized or distributed 
control) nodes must perform: 
1. Ring Initialization - at network start-up or after the logical ring 
has broken down, the logical ring on the network must be re-
established. This requires sorting out who it is who performs the 
initialization, and who sends the first token. 
2. Station Insertion - some method of allowing new stations onto an 
already active network is required. 
3. Station Deletion - there must also be a method of removing an active 
station from the logical ring without much disruption of the service. 
4. Duplicate and Lost Token - a quick and logical method must be 












- The Proposed LAN 
The IEEE 802.4 standard defines the following method of performing 
the above functions: 
(a) Node Addition 
Node addition is achieved by the controlled contention process known 
as "response windows". Each node has the responsibility of searching for a 
new successor at regular intervals. When the node receives a token, and it 
is time to search for new successors, it issues a "solicit successor" 
frame. This invites new nodes with an address that falls between itself 
and the next node on the logical ring to demand entrance. The token ·holder 
will then wait for one response window, i.e. twice the network's end-to-end 
propagation time. At this point three events may occur: 
1. No response - meaning that no new nodes are trying to join the 
logical ring. 
2. A "set .successor" frame - meaning that only one station wants to join 
the logical ring. The token holder will then adjust its successor 
value. 
3. A noise - meaning that more than one station in the specified address 
range wants to be included in the logical ring. The node addition 
process·now enters the second stage, contention resolution. Here the 
token holder sends a "resolve contention" frame and waits for four 
response windows. A station that responded to the "solicit 
successor" frame is permitted to send a second "set successor" frame, 
but this time it must be delayed by an integral number of response 
windows, based on the first two bits in the address. Should one of 
these stations hear another station begin transmitting in a previous 
window, it must no longer respond. If the token holder received a 
valid "set successor" frame, it continues as above in 2. If not 
another "resolve contention" frame is sent. Again, only those 
stations that responded to the previous frame may respond but this 












- The Proposed LAN 
only mode, assuming the worst. A response is dealt with in the same way as 
the node addition above. 
{d) Logical Ring Initialization 
This process is initiated at network start-up or when one or more 
I 
stations active on the network detect that the network has been inactive 
for longer than a predefined time. Once a timer expires, the station sends 
a "claim token" frame. It then listens to the network, if there is a 
response, then the contention must be resolved. This is done in a similar 
way to the node addition process. Here the claimant issues a "claim token" 
frame at 0, 2, 4 or 6 response windows (or slots - twice the end-to-end 
propagation time) after the last transmission, this time based on the 
inverse of the first two bits in the address. It will then listen to the 
network, if it hears anything it will drop the claim. If nothing is heard 
it tries again, this time padding the claim by an integral number of slots 
based on the inverse of the second pair of bits in the address. The 
station that transmits last assumes that it has the token. The ring is 
then re-built as described in the node addition section. 
l.~.5 CP/NET 
The popular 8085 operating system, CP/M, created by Digital Research 
Incorporated, was chosen for the U.C.T.-built micro-computers as they are 
all 8085 based systems. This proved to be a good choice as, not only is 
there a vast amount of high-level development software available for CP/M, 
but Digital Research have also produced a networking package, CP/NET, which 
enables resource sharing across a network. 
CP/NET logically divides the networked computers into two categories, 
those which provide the facilities, called "Servers", and those which use 
the resources provided by the Servers, called "Requesters". On the U.C.T. 
network, the PDP would be the Server and the micro-computers, the 
Requesters. The micro-computer users would be able to allocate up to 16 
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devices. Thus the CP/NET user creates multiple sessions or point-to-point 
links between his own computer (the Requester) and the one or more Servers. 
All networked devic.es are perceived as local by the user, but are accessed 
across the network by CP/NET. 
Digital Research Incorporated supplies CP/NET in assembled code with 
only the user interface and the Session/Transport Layer interface defined. 
It is the task of the system designer to provide the lower layers of the 
ISO RM, i.e. the Transport and Network Layers and those layers defined by 
the IEEE 802.4 standard. In this network the WD2840 and the author's 
software and hardware provide the IEEE Layers while the Transport and 
Network Layers are empty because of the simplicity of this particular LAN. 
1.4.6 The WD2840 
The WD2840 TAC is a chip which performs the media access.control 
functions on a multi~access bus (as described in section 1.4.4 above). 
This allows up to 254 computing devices to use the common bus without fear 
,of data loss. The TAC has 16 registers which are used to control the 
activity of the chip. Thus to use this IC in a network requires hardware 
and control software to interface it to the physical network and the 
logical Network Layer in the computer system. 
With this hardware and software the WD2840 fulfills the tasks of the 
three IEEE layers. 
1.4.7 The System as a Whole 
In the overall sense, the computer network had to look like a CP/NET 
system. On the micro-computers, firstly, this required the creation of a 
CP/M enviromnent. To enable the use of CP/M on the micro-computers, the 
hardware-related portion of CP/M, its BIOS, was modified. The major 
adaptation was to provide a local "disk drive" on each computer. To 
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previously used to. store utility programs, was made to look 1 ike a CP /M 
(Read-only) floppy disk. The disk accessing routines in the Basic 
Input/Output System (BIOS) section of the CP/M operating system were 
adjusted. The data stored on the EPROH card was a'.lso put in the required 
CP/H disk format. 
The CP/NET programs were then run under CP/M. To provide the IEEE 
layers, the WD2840 and the associated hardware and software was included. 
Secondly, the PDP had to be made to look like a CP/NET Server 
station. In order to use CP/NET on the network, software is required on the 
PDP to translate the CP/NET requests received from the network into PDP 
operating systere calls and to return the appropriate responses to the 
Requesters. This section is a project in itself as it requires an in-depth 
study of the functioning of the PDP's operating system. 
An interface card and the driver software, similar to the micro-
computer's software, was provided. 
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1.5 Design Status 
Only the part of the LAN designed by the author is complete at this 
stage. That part consisted of designing the hardware for both the micro-
computers and the PDP, writing the software to control the hardware on the 
micro-computers, and adjusting the CP/M and CP/NET s6ftware for the micro-
computer's hardware. A test program for the PDP hardware was also written. 
Those sections still to be completed by another (unknown) student are 
the software interface to the PDP's executive (the "device driver"), to 
enable communication via the network, and the higher layers of Server 
software on the PDP to provide CP/NET with access to the PDP's resources. 
1.6 Guide to the Rest of the Report 
Chapter 2 describes the PDP 11/23 and the u.c.T. Micro-computers with 
their associated operating systeuis, RSX-11M and CP/M. 
Chapter 3 describes the CP/NET software and its adjustment of CP/NET 
for use on the u.c.T. Micro-computers. A guide to the implementation of it 
on the PDP is also given here. 
Chapter 4 describes the development of the network interface hardware 
for the micro-computers and the PDP 11/23. 
Chapter 5 details the development of the network interface software 
for the two machines. 
The final chapter, chapter 6, provides test results and draws a 
number of conclusions from the work performed. 
The appendices that follow contain the software, the hardware circuit 












CP/M and RSX-llM 
2.1 Introduction 
This chapter deals with the two operating systems, CP/M and RSX-llM. 
It is in these operating systems that the ISO RM's Application processes 
wil 1 run. 
The purpose of the chapter is to gi.ve the reader an overview of the 
two operating systems. The customization of the CP/M Operating System for 
use on the U.C.T. micro-computers is also dealt with, as are three utility 
programs writ ten by the author which enable effective use of CP/M on the 
micro-computers. Figure 2.1 below shows diagramatically the section of the 
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2.2 The ISO RM's Application Process 
2-2 
The section of the open system model known as the application process 
is "an element which performs the information processing for a particular 
application." It can be a manual, computerized or physical process, e.g. 
an ATM (Automatic Teller Machine) user, an executing program, or a 
dedicated computer controlling some industrial process. 
Iteis in the operating system evironment that the application process 
wil 1 run. 
2.3 CP/M and the Micro-computers 
2.3.1 The Micro-computers 
The micro-computers were designed and built by the students and staff 
.of the Digital Systems Division of the Department of Electrical and 
Electronic Engineering at U.C.T. Their design is based on the South 
African Standard Bus [7] (SABus) backplane. The use of this backplane 
allows the computer to be divided into a number of logical sections, each 
of which may be implemented on a separate computer card. These cards are 
then slotted into the SABus backplane. 
Each u.c.T. micro-computer contains the following computer cards: 
1. An 8085 micro-processor card. 
2. A 64k byte RAM card. 
3. A card holding 128k bytes of EPROM. 
4. A video and keyboard controller card. 
5. A communications card providing one parallel and two serial ports. 
A "monitor" program, situated in an EPROM on the micrq-processor card, 
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examining and setting the contents of memory, adjusting port values, 
initiating the cpu execution from a specified point in memory and invoking 
utility programs stored on the EPROM card. 
2.3.2 The CP/M Operating Svstem 
CP/M is a Disk Operating System (DOS) designed to run on a micro-
computer system using either an 8080, 8085 or Z-80 micro-processor as its 
cpu. A DOS, in a general sense, enables the user to communicate with the 
disk drives and other peripherals, thereby facilitating reading, storing 
and running of programs. 
CP/M is made up of a number of component programs. The core is the 
BDOS (Basic Disk Operating System) which controls the logical part of 
peripheral access. The next section, the Console Command Processor (CCP), 
has the task of interpreting the command line typed in at the console, 
recognizing a number of keywords and acting on them. The CCP also 
initiates the loading of user programs from disk, by means of the 
facilities provided by the BDOS. The third section of CP/M, BIOS (Basic 
Input/Output System), is different for each computer system as it is 
hardware dependent. This section of the software contains the code 
required to interface to the peripheral hardware. All three programs, the 
BDOS, BIOS and CCP are loaded into the top of memory. Apart from 255 bytes 
at the start of memory used for system parameters and temporary storage, 
the rest of the RAM is available for user programs. 
When a program accesses a peripheral it issues a call to the BDOS 
entry point stating the request number and supplying the appropriate 
variables. The BDOS then breaks the request into its logical parts, and 
issues a number of calls to the BIOS. The responses are interpreted by the 
BDOS and returned to the calling program. 
There are a large number of utilities available to the CP/M user, and 
for a comprehensive list the reader is requested to refer to reference [8]. 
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1. DIR - for requesting a directory or catalogue of the programs on a 
specified disk. 
2. TYPE - used to print the specified file to the console. 
3. PIP - a utility which can be used to access the peripherals. 
To run an executable file, the user simply types the name of the file, 
e.g. SORT«CR». This is interpreted by the CCP which instructs the BDOS to 
load the SORT file. It is then executed. On completion the CCP is again 
invoked to wait for further instructions. 
2.4 RSX-llM and the PPP 
2.4.1 The PDP 11/23 
The PDP 11/23 is a mini-computer which has as its cpu a 16-bit LSl-11 
micro-processor. A more complex backplane is used here, namely the Q-Bus 
[9]. It is more complex in that the backplane simulates a small network 
using a parallel bus. All transmissions across the bus are supervised by a· 
number of control lines ensuring that data is transmitted correctly. 
The U.C.T. computer comprises 128 kbytes of RAM, three disk drives and 
facilities for 20 asynchronous terminals. 
2.4.2 The RSX-llM Operating Svstem 
The RSX-llM operating system is a multi-use,r and multi-tasking 
operating system. A user may therefore log onto the computer under a 
particular account, which is isolated from all other users of lower 
priority, and run one or more programs or utilities. This multi-user, 
multi-tasking ability is achieved by the time-sharing principle, i.e. each 
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The centre of the RSX-llM operating system is the Executive. This is 
the kernel and is the logic behind the operating system. To interpret the 
user's command lines, a command line interpreter (CLI) program is used, 
e.g. MCR or DCL. The executive's interface to the peripherals is provided 
by the "device driversu, which are de di ca ted peripheral control programs. 
Program access to a peripheral is via a call to the executive, called 
a QIO. This places a request in the executive's l/O queue. The request 
will contain such information as the peripheral addressed, the type of 
request (e.g. read a block of data), the timeout limit, and the internal 
flag to be set on co~pletion of the request. The executive will initiate 
the appropriate device driver and order it to perform the task required. 
Once again the response is interpreted by the executive, and returned to 
the calling task. 
When an asynchronous event is expected, e.g. the input from a 
terminal, the task could use an asynchronous system trap (AST), which 
instructs the exec~tive to call the running task when the specified event 
occurs. 
On a well developed system like the PDP 11/23 there are a large number 
of utilities available to the user. Here are a few that are relevant to 
the present discussion: 
1. HEL - used to log onto the PDP as a user under a specific account. 
2. BYE - the utility used to log off the PDP. 
3. PIP - is the utility which enables limited control of the peripherals. 
4. RUN - is used to begin the execution of a task. 
5. SET - may be used to adjust a variety of system parameters relating to 
the users interface. 
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2.5 Implementing CP/M on the Micro-computers 
The RSX-llM Operating System was already running on the PDP but CP/M 
had to be customized for use on the micro-computers as follows: 
The major problem encountered while implementing CP/M on the micro-
computers was the lack of a disk drive on the computers. This problem was 
overcome by making use of the EPROM card, already present in the system, 
to provide a form of read-only disk drive. The EPROM card previously 
contained a number of utility programs, e.g. the assembler and the editor. 
The card's hardware consists of two address latches, an EPROM counter 
latch and up to sixteen 8k by 8 bit EPROMs (2764s) with the appropriate 
buf ferring. To access the data, the address and EPROM number are written 
to their respective latches after which data is read. 
Because the micro-computers may be used as stand-alone computers, the 
utility programs must be available should the operating sy,stem not be 
loaded. To enable this the start of the "disk" on the card is uniquely 
marked. When the operating system is loaded the cold start loader locates 
the start of the ''disk" and informs the BIOS routines. These routines then 
apply the appropriate offset when accessing the EPROM card. 
The method used for· program storage in the stand-alone system is 
different to the CP/M disk storage. The former uses two unique bytes to 
indicate the start of file. Following this marker is the program name and 
its length. The contents of the f i1 e then fol low. CP /M, on the other 
hand, uses a directory which contains a list of the programs stored on the 
disk and the number and position of the sectors containing the programs. 
Thus to access a file each sector position must be calculated. Converting 
from one method .to the other is clearly not practical. Figure 2.2 below 
shows a map of the two methods. A combination of the two methods can be 
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The customized version of the BIOS may be found in appendix A of this 
report. 
2.6 The Cpld Start Lpader 
On station start-up there must be some way of loading the operating 
system into memory and initiating execution. This is the task of the Cold 
Start Loader program, a listing of which may be .found in appendix B. It 
writes the three DOS component (BDOS, BIOS and CCP) programs into memory 
and finds the start of the "disk" on the EPROM card. The cold start program 
then initiates the DOS·by calling the BIOS Cold Boot routine. This routine 
initializes the system parameters and then executes the Autoload command 
line (in this case CP/NET is loaded). By setting this line to contain 
nulls the micro-computer can be used as a stand-alone CP /M system, i.e. 
CP/NET will not be loaded. 
2.7 The EPROM Management SYetem 
EMS, the EPROM Management System program, enables manipulation of the 
programs stored on the EPROM card. It is a short PASCAL-MT+ program which 
runs on a standard CP/M computer that has at least one disk. drive. (A 
listing of EMS may be found in appendix C.) 
On a standard CP/M system, each program stored on disk is broken up 
into 128 byte blocks and written to (128 byte) sectoys. The position of 
these sectors is recorded in the directory, along with the file name and a 
count of the number of sectors used. The directory entries are stored 
sequentially in the first sector of the disk. 
I 
To add a new file to the EPROM disk, EMS reads the specified file from 
disk into RAM, breaks it up into the required 128 byte blocks and then 
writes it to a number of files on disk. These files, each a maximum of 8 
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EPROM card. The entry is then generated and added to the directory 
contained in the "directory" EPROM file. 
To delete a programJ EMS simply adjusts the directory EPROM file to 
exclude the specified·file. This is done by moving all the entries that 
follow the deleted file up by one entry position. 
The data contained in these EPROM files generated by E~IB may be used 














This chapter provides an overview of CP/NET and its working. This 
package consists of two sections, the commercially supplied software, NDOS, 
which is the interface to the CP/M software, and SNIOS, the software that 
provides the link between NDOS and the network. This chapter is mainly 
concerned with NDOS, although CP/NET as a whole is also dealt with. 
Because NDOS is not adjustable, it was thus used as is on the micro-
computers. The PDP uses a different operating system, so the PDP version of 
NDOS has to be written from scratch. This program, called the SERVER, is a 
task running on the PDP which will provide the user access to the network. 
It will call the operating system executive to initiate NETWRKIF~ the LAN 
device driver, to interact over the network, and use inter-task 
communication to converse with the user/application task. Guidelines are 
provided herein to aid the student who is to embark on this project. 
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3 .2 ISO Layers 
The three layers being considered in this chapter are those that 
provide the Application Process (AP) with an interface to the network. The 
lower layers are concerned rather, with the actual transmission of the 
information across the network. 
Briefly, the Application Layer is the AP's window to the network, and 
so provides a means of communicating with other APs aetached to the 
network. It has to transform the data into a format that can be sent over 
the network. In some networks where distributed processing is performed, 
the Application Layer has the task of controlling the resource usage. The 
AP/Application Layer interface simply defines the transmission and 
reception of data. 
The Presentation Layer is responsible for insuring that the format of 
the information is acceptable to the Application Layer, and thus the AP. 
Some examples of Presentation Layer functions are syntax changes (e.g. the 
conversion between ASCII and EBCDIC), encryption and decryption (to provide 
secrecy) and data formatting (e.g. space and character compression). The 
~ interface to the Application Layer defines the transmission of Application 
Data Units as well as the parameters to select the required presentation 
functions. 
The Session Layer manages the connection between two presentation 
entities in that it is in charge of the connection and disconnection of the 
link (or "session"). This requires the transformation of an AP address 
into a Session Layer address. It is also in control of the dialogue, i.e. 
whose turn it is to transmit next and the speed at which data is presented 
for transmission. The Presentation/Session Layer interface defines the 
transmission of Presentation Data Units, synchronization control and 
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The tmos and SERVER programs perform the services required by these 
three layers. Note that some of the ISO RM's services are not performed as 
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3.3 The CP/NET Package 
3.3.1 Component Programs 
When a micro-computer takes part in a network it loads the CP/NET 
programs, namely, NDOS and SNIOS. The NDOS (Networked Disk Operating 
System) is the user interface part of the package, i.e. it performs the 
Application, Presentation and Session Layer functions and provides their 
services. The SNIOS (Slave Network Input/Output System) performs the 
network oriented services, iae. the rest of the ISO RM services. SNIOS is 
therefore entirely network dependent while NDOS is network independent. 
In order to achieve network access the NDOS intercepts all peripheral 
calls to establish whether they are for local or networked devices. If a 
call is for a local device it is passed to the BDOS and the standard CP/M 
access continues, i.e. the BIOS is instructed to perform the required 
function, say, read from disk. Responses are returned to and interpreted by 
the BDOS, and the results are returned to the calling program. If, on the 
other hand, the peripheral call is for a networked device, the NDOS creates 
a packet and sends 'it across the network to the Server station using the 
network interface provided by the SNIOS program. 
On the Server side, the packet received from the Requester is 
interpreted and the appropriate operating system calls are issued. When a 
response is received, it is relayed to the Requester via the network. This 
whole task is achieved by two programs, the network interface program 
(NETWRKIF), which performs the same functions as the Requester's SNIOS, and 
an operating system interface program (SERVER). 
Because a number of Requesters may use the same Server and each of 
them requires protection from other users, a multi-user operating system 
must be used. On the standard CP/NET network the Server computers will run 
another Digital Research product, MP/M-II, a multi-user version of CP/M. On 
the U.C.T. network, the PDP 11/23 will be the only Server at this stage, 
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by a software package (still to be completed by another student) running 
under RSX-llM, the PDP's operating system. 
3.3.2 CP/NET Utilities 
The features of CP/NET fall into three categories: 
1. Networked peripherals 
2. Inter-computer message transmission 
3. Electronic Mailing 
The extra facilities available to the CP/NET user are initiated by 
typing the appropriate keyword. These are recognised by the extended 
console command processor program, CCP, and are: 
1. CP/NET Loader - This is the utility used to load the CP/NET programs 
and to relocate and extend the CP/M Operating System programs.' 
2. Logon - enables the CP/NET user to attach the CP/NET computer to a 
Server computer as a Requester. A Server may have as many as 16 
Requesters logged on at the same time. The Requesters may similarly, 
be logged onto up to 16 Servers. 
3. Logoff - detaches the Requester from a specified Server. 
4. Network and Local - allows the user to assign a peripheral to an 
attached Server, and to re-assign them as local. 16 disk drives, a 
printer and a console may be assigned as networked devices. 
5. Control-P and Endlist - will begin and end an echo of the console 
display to the printer which may be local or remote. 
6. Disk Reset - allows the user to reset the parameters of a remote disk. 
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the same effect as a Control-C on a CP/M computer, i.e. it reads the 
directory track to ensure that subsequent access to the new disk is 
correct. 
·7. Status - will display a table of peripherals indicating which are 
local and which are networked. 
8. Mail - initiates the menu-driven Electronic Mailing utility. 
Under CP/M, the user may access BDOS directly via an assembly code 
program. For example, the user may reset the computer system, write 
characters to the console and so on. NDOS may be acces$ed in the same way. 
This is facilitated by defining 14 "function codes" which are appended to 
the standard CP/M function codes. 
To access the network in this way, which may be thought of as a second 
AP/Application Layer interface, the user sets up the parameters as shewn in 
table 3.1 and calls the NDOS entry point at OOOSH. The NDOS program will 
perform the function and return to the calling process. (The table below 
gives a list of the functions available; should more information be 
required please refer to reference [9].) 
Code Function Input Output 
(C value) Name fpJ:ameters Results 
38 Access Drive DE: Drive none 
vector 
39 Free Drive DE: Drive none 
vector 
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43 Unlock DE: FCB A: Error 
Record ·address code 
45 Set BOOS E: Error none 
Error Mode Mode 
64 Login DE: Addr of A: Error 
Login Msg code 
65 Logof f E: Server none 
ID 
66 Send Msg DE: Msg A: Error 
Address code 
67 Receive MSG DE: Buffer A: Error 
Address code 
68 Get Ntwrk none A: Status 
Status byte 
69 Conf ig Table none BL: Table 
Address Address 
70 Set Compat. E: Attrib. none 
Attributes 
71 Get Server E: Server BL: Table 
Conf ig. ID Address 
106 Set Default DE: Password none 
Password Address 
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At the other end of NDOS, the information is very similar except that 
the source and destination addresses (each 8 bits long) have been added, as 
well as a format control code, fixing the lengths of the fields of the 
buffer, and a size field, indicating the number of Session data units are 
in the buffer. The message buffer format is (each field is one octet long): 
1. Fl-IT - the format control field, containing a 0 for the request message 
and a 1 for a response from the Server. 
2. DID - the destination ID field. It may have a value of 1 to 255. 
3. SID - the source ID field, 1.e. the address of this station. Again, 
the value range is 1 to 255. 
4. FNC - is the function code and will be one of the C values in table 
3.1, or any of the CP/M codes applicable to peripherals. 
5. SIZ - gives a count of the number of message octets in the buffer. It 
has a range of 0 to 255, and is one less than the number of MSG 
octets. 
6. MSGO to MSGn - are the message octets, where n 1s SIZ plus one. The 
values of these octets is 0 to 255. 
The DID and the FNC together define the particular application being 
addressed on the server. 
It is this message buffer that must be sent across the network by 
SNIOS and the responses from the Server must be returned to the NDOS 
program in the same format. 
Relating the NDOS functions to the services of the top 3 layers of the 
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The user interface to the network (or the application layer) is 
provided via the function calls (specified in table 3.1) or via the utility 
programs. 
The NDOS and SERVER programs convert the function calls into a 
message containing the relevant address, length and format fields. 
The session is established and disconnected by the LOGIN and LOGOFF 
commands received either via function calls or by the utility program. The 
NDOS/SERVER interaction works on a strict command-then-response routine 
thereby defining the sequence of transmissions. 
3.4 Guidelines for the PDP's Server (Part 1) 
There. are two distinct parts to the PDP's network package, the SERVER 
program which will be the interface to the PDP's operating system, and the 
device driver program, previously called NETWRKIF. In this section only 
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software has .been discussed, the NE'IWRKIF program guidelines will be given 
(see Chapter 5). 
In the standard SERVER program in the MP/M II Server station, each 
Requester that logs on is given its own SERVER process. Thus as the 
Requester logs_ in the SERVER generates a new task to deal solely with the 
new Requester's requests. The limit of 16 Requesters at one time will 
define the upper limit of the memory requirement. It is suggested that the 
PDP's SERVER process follows the same sequence. 
3.4.1 Virtual Terminals 
The first task is convince the RSX-llM's executive to allow a multiple 
number of users to be logged onto the same physical peripheral 
simultaneously. There will be only one physical input from the network to 
the PDP. One suggestion is to use the "virtual terminal" facility provided 
by RSX-llM. This allows the user to generate a number of logical terminals 
linked to a task with the real terminal as the port for input and output. 
Thus there will be a multiplexing/demultiplexing task which is the first to 
get the message from the device driver. It will then select the correct 
SERVER process and pass the request on. rn this way each Requester could 
log onto the PDP via its own virtual terminal. 
The creation of a virtual terminal is a simple matter via the 
executive's Create Virtual Terminal function. It is possible to initiate 
execution of a process from a second task by means of the Spawn function. 
Using the Spawn function in the multiplexer/demultiplexer task would enable 
it to start a new SERVER process for each Requester. At the termination of 
the session, i.e. when the Requester Logs off the Server, the parent task 
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3.4.2 Drive Allocations 
CP/NET allows the allocation of 16 disk drives on one or more Servers. 
Generally, when a user signs onto the PDP from an unintelligent terminal be 
is assigned a number of defaults, namely an account number, a disk drive 
and a terminal number. From within RSX-llM a user is able to change these 
defaults, so is able to access a drive other than bis default drive. It 
should thus not be difficult to allow the user to define a particular drive 
(i.e. A: through P:) on the CP/NET computer as a networked on the PDP (i.e. 
DLO: through DL2:) and an· account number, or as the magnetic tape driver, 
MNO:. For example, B: may be networked as DL2:[1,20], i.e disk drive 2 and 
account number 1,20. 
A problem is that CP/NET simply uses a vector 16 bits long to indicate 
which drive on the Server is being selected. Because the NDOS program is 
unalterable (or at least without much effort), a selection of defaults 
would have to be set up before networking a device so that a single bit in 
the vector would have meaning. The vector would therefore have to either be 
predefined on the Server, or be set up by a program run when the user logs 
on. Because most of the stu.dents simply use their default account and 
drive, a predefined vector may well be the best solution, e.g.: 
Drive A: on the server (bit 1 in the vector) is the default account and 
drive. 
B: (bit 2) is the default account and drive o. 
C: (bit 3) is the default account and drive 1. 
D: (bit 4) is the default account and drive 2. 
E: (bit 5) is the default account and the tape drive. 
and so on •••• 
3.4.3 Disk Accesses 
A CP/M disk uses a 128 octet block structure, and so all access are in 
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efficient to access larger blocks. This can be done assuming that 
subsequent blocks are going to be requested. 
More complex is the directory structure and the file control 
information. It would be unwise to duplicate RSX-llM's directory 
information and so some translation is preferable. 
The file control abilities under RSX-llM are considerably more 
powerful than CP/M's and so the required file control facilities will 
easily be supplied, although RSX-llM's abilities in this field will not be 
used to the full effect. The required facilities include record locking (to 
allow access to only one user), allowing two tasks to update the same file 
and file appending. 
3.4.4 Status and Configurations 
There are a number of configuration and status tables that must be 
supplied by the Server on request. Most of these tables bear no relation 
to the PDP and so will have to be generated in the SERVER process. These 
tables include the configuration of the Server, i.e. which drives (A: 
through P:) are being used by which Requester, and the status of the 
network, which· would have to be calculated by the SERVER process on the 
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4.1 Introduction 
This chapter is the first of two chapters dealing with the network 
interface layers of the LAN. This chapter jumps to the PHY and MAC layers 
of the architecture, while the following chapter deals with the LLC and 
Network layers. In this chapter the WD2840 Token Access Controller (TAC) 
and the hardware required to drive it are described, i.e. the hardware that 
forms the bridge between the physical network and the computer's backplane. 
The next chapter will detail the software required to interface it to the 
CP/NET programs. In this way .all the network interface programs of the ISO 
RM (the Transport and Network Layers) and the IEEE layers which replace the 
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4-2 
The first section of the chapter provides the information about the 
micro-computer and PDP backplanes. The WD2840 from a hardware point of 
view is then described. Finally, the interface hardware for both the 
micro-computers and the PDP is described. 
4.2 The ISO RM Network Related Layers 
There are four layers that make up the network related layers in the 
ISO RM, the Transport, Network, Data Link and Physical Layers. In the LAN 
environment the Data Link and Physical Layers are replaced by the three 
IEEE layers, the Logical Link Control (LLC), the Media Access Control (MAC) 
and Physical (PHY) Layers. 
The Transport Layer is the end-to-end network control layer and so 
supplies the Session Layer (and thus the higher layers and AP) with an 
error-free link. It will generally break the message received from the 
Session Layer into small blocks, and concatenate the parts of the Session 
data unit received from the Network Layer to make one Session data unit, or 
perhaps vice versa. This calls for the ability to sequence the blocks of 
data so that the information received is the same as the sent data. It is 
responsible for the end-to-end flow control and error recovery. In larger 
networks it may use a number of Network Layer links between the same two 
Transport end points, these must be controlled and addressed properly. 
The Network Layer is responsible for routing the data through the 
network, which, in large networks, requires a number of intermediate point-
to-point links. The short point-to-point links must be flow controlled and 
checked for errors by the Network Layer. It must be capable of resetting 
the network links. 
The LLC Layer is responsible for the link control functions of the 
Data Link Layer, i.e. the delimitation and synchronization of the 
transmission, the sequence control over the link and any error recovery 











The LAN Interface Hardware 4-3 
- The ISO RM Network Relate Layers 
The MAC Layer has the task of controlling the access to the common 
medium. It must thus provide access facilities, address recognition, error 
detection facilities and data transmission. 
The PHY layer is responsible for the bit-by-bit transmission and 
reception of data. It must perform unit framing and frequency or amplitude 
conversions, ~.g. Manchester Encoding/Decoding and FSK Transmission. 
4.3 The U.C.T. Micro-computer's Backplane 
The U.C.T. Micro-computers use the SABus (7) backplane. This 
backplane consists of 64 lines. Below is a description of those relevant 
to this project. 
The first group is the 8 bi-directional data lines. The drivers for 
these lines must be tri-stated (i.e. in high-impedance state) when they are 
not driving the lines. There are 16 address lines which are again bi-
directional. This is the second group of lines which, once again, must be 
tri-stated when not in use. 
The third group is made up of a variety of control lines, those 
relevant to the discussion are: 
1. Memory Read (MR) and Memory Write (MW), which are used by the 
controlling device (the cpu or a DMA controller) to activate the 
micro-computer's memory. 
2. Output Write (OW) and Input Read (IR) are two lines used by the 
controlling device to receive input from and give output to an I/O 
device. 
3. The WAIT line is an open collector driven line which is used by the 
addressed device to inform the controlling device that it is not yet 
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indicate to the cpu that it is not ready for data or that the data on 
the backplane is not valid. 
4. HOLD and Hold Acknowledge (HOLDA) are two lines connected to the cpu 
which enable the use of more than one controller on the backplane, 
e.g. a DMA controller will activate the HOLD line to indicate that it 
has information to pass to the RAM. Once the cpu has completed its 
present cycle, it relinquishes the backplane and indicates to the DMA 
controller via the HOLDA line. The DMA controller performs its 
transfer and de-activates the HOLD line allowing the cpu to continue 
as before. 
5. BESET is a line, activated by the cpu, which initiates the resetting 
of all the cards attached to the backplane. 
All the levels on the SABus backplane are TTL levelso The different 
timing diagrams for the relevant read and write cycles may be found in 
Appendix D. 
4.4 The PDP's Backplane 
The PDP's Q-Bus [8] backplane is similar to the SABus although it has 
much stricter specifications for the attached devices and their voltage 
levels because it is run at a higher speed. All devices attached to the 
backplane must use open collector drivers, with high-impedance input 
buffers. ~elow is a description of the relevant lines. 
The 16 address/data lines (BDALO - BDAL15) are multiplexed under 
control of the synchronization line (BSYNC) and the two input/output 
control lines BDIN and BDOUT. The write cycle line (BWTBT) is also used 
during the addressing phase to indicate if a write or read cycle is to 
follow and whether it is a byte or word long. The addressed device 
indicates acceptance of the data (for a write) or the stability of the data 
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In the Q-Bus, 128 kbytes of memory may be addressed, but the top 8 
kbytes are set aside for the I/O page. Thus to reduce the decoding in I/O 
devices a control line (BBS7) is activated each time the address is in the 
I/O page. 
The PD.P's interrupt structure is designed to enable both priority 
levels and, within each priority level, position dependence. The high 
priority devices are serviced first. If there are a number of devices with 
the same priority interrupting simultaneously, they are serviced in the 
order of their proximity to the cpu. This structure is illustrated below in 
Figure 4.2. 
CPU 














Under interrupt conditions the device will activate the interrupt 
lines (BIRQ4 to BIRQ7) which gives the priority of the interrupt. Once a 
response is received from the cpu, via the BIAKI line, the vector is given 
on the BDAL lines under control of the BDIN and BRPLY lines. 
To initialize the devices attached to the backplane the cpu activates 
the BIN IT line. 
The timing diagrams for the read, write and interrupt cycles may be 











The LAN lnterf ace Hardware 4-6 
- The WD2840 Hardware lnterf aces 
4.5 The WD2840 Hardware Interfaces 
This section describes the three interfaces on the WD2840 TAC chip. 
These interfaces are a DMA interface, a network interface and an interface 
to the 16 host-accessible status/control registers on the TAC. The WD2840 
timing diagrams may be found in appendix D. 
4.5.1 The DMA Interface 
The DMA interface permits the transfer of frames and frame related 
counters between the WD2840 and RAM. The frame related counters give such 
information as the number of frames received, the number of transmission 
retries and the number of erroneous frames received. 
This interface consists of 16 address lines (A0-15) and 8 data lines 
(DAL0-7). The TAC provides two DMA request lines (DRQO and DRQI) and a DMA 
request granted line (DACK) which are used to control the DMA access and 
provide the RAM control lines during DMA. 
4.5.2 The Network Interface 
The network interface provides the signals required for a Non-Return 
to Zero Inverted (NRZI) modem interface. The WD2840 uses synchronous 
transmission and so provides lines for both the receive and transmit clocks 
(RC and TC) and their respective data lines (RD and TD). The other network 
interface lines are request-to-send CRTS), clear-to-send (CTS) and signal 
quality ( SQ) • 
4.5.3 The Control Interface 
The WD2840's activity is controlled by 16 host-accessible 
status/control registers which may be accessed via the third interface. 
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interrupt, whether the previous command is complete and present successor's 
address. The host computer, on the other hand; will provide commands like 
attempt to enter the logical ring, accept new successor address and 
transmitter or receiver enabled. 
This interface consists of four address lines (IA0-3), eight data 
lines (DAL0-7) and the three control lines, being the chip select (CS), 
read enable (RE) an.d write enable (WE). 
4.6 Design Philosophy 
The design of both of the NIU cards (and the control software 
described in the next chapter) employed Julius Ceasar's philosophy of 
"divide and conquer". This was achieved. by breaking down the· ta·sk into a 
number of logical blocks which were developed and debugged as separate 
entities. Further, their development followed the steps given by Short [10) 
for the design of a micro-processor based system, shown diagramatically in 
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Figure 4.3 - Steps in designing a Micro-processor based system 
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From the references [11,12,13], it is evident that a stand-alone NIU 
is a popular implementation. This method was not employed here as it would 
create a separate unit that would require its own power supply, making it 
both costly and bulky. Secondly, because of the 1 Mbps operating speed, an 
additional high speed interface to the computers would have to be designed. 
Instead, two compact computer cards were developed, one to slot into 
the micro-computer's backplane and the other into the PDP's Q-bus. 
These circuits were initially designed using logic gates and 
prototyped on wire-wrap board to verify their functioning. Once fully 
tested, a new version, incorporating the logic into Programmed Array Logic 
chips (PALs), was designed and tested for each NIU. The PALed designs were 
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PALs were used in the final design instead of logic gates. This was 
for three reasons: their speed, their cost and their size. With regard to 
speed, the PAL is able to realize even complex functions within 20 nanosec, 
whereas the discrete solution's relation to time is determined by the 
number of gates used. 
Secondly, on average a PAL replaces between 4 and 6 logic gate ICs 
but only costs in the order of 3 times that of a single logic gate chip. 
One PAL is also much smaller than 5 or 6 logic gates,. thus space is 
saved on the printed circuit board. A certain degree of flexibility with 
regard to the input and output pins on the PALs also allows for more 
efficient printed circuit board layouts. 
4.7 The Micro-computer LAN ~ard 
4.7.1 Design Description 
Below, in figure 4.4, is a block diagram of the Micro-computer 
interface card. 
(a) The DMA Interface 
The WD2840 is a real-time device which requires immediate access to 
the RAM where the data frames and control information is stored. One 
possible method of ensuring this access is to provide it with a block of 
local RAM which could be accessed at will. This RAM would be separate from 
the host's RAM and so would not be affected by host activity. The 
computer's cpu would only have access to this memory when the WD2840 was 
not using it. A second possible method is to set aside a part of the 
host's RAM for use by the WD2840. The WD2840 DMA control facilities could 
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The first method above permits the use of a number of real-time 
devices, such as disk drives and asynchronous terminals, because the NIU 
can continue to access its local memory without holding up the rest of the 
computer's activity. When the NIU requires service, e.g. frame reception 
complete, it can flag the cpu which will service the interrupt when it has 
time. 
The PDP's NIU used this method because of the other real-time devices 
attached to the computer which could not be stopped at will. In the case 
of the micro-computers, on the other hand, no other real-time devices are 
attached to the computer and so part of the host's RAM was set aside for 
NIU use. This also allowed for a cheaper solution. 
In the micro-computer, bus (and therefore RAM) arbitration is 
achieved by activating the SABus HOLD line under control of the WD2840 DMA 
request lines. This bus line is connected to the 8085's /HOLD input, which 
when asserted, instructs the 8085 to complete its present cycle and then 
relinquish the bus. Once the bus is available the WD2840 is informed via 
the SABus hold acknowledge (/HOLDA) line. The WD2840 then uses its DMA 
request lines to perform memory reads and writes by activating the SABus 
Memory Read (/MR) and Memory W ite (/MW) control lines. Dynamic RAM is used 
in the micro-computers and so the NIU has to accept short delays whenever 
the RAM requires refreshing. 
The TAC address and data lines are buffered to provide isolation and 
prevent overdriving the WD2840's outputs. 
(b) The Control Interface 
The second section of the WD2840's host computer interface allows the 
host cpu to control the functioning of the TAC. This is achieved by 
adjusting the values of 16 status/control registers on the WD2840. There 
are two limitations on the access of these registers - they may not be 
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inter-access time that must be upheld. The first of these limitations 
cannot occur in this implementation as the cpu is in hold state. 
Should the cpu attempt to access the TAC. during the inter-access 
time, the SABus WAIT line is activated until the TAC is ready. The 
assertion of the WAIT line causes the cpu to enter an idle state. 
Access to the TAC registers is gained by activating the Read Enable 
(/RE), Write Enable (/WE) and Chip Select (/CS) lines on the WD2840. The 
/RE and /WE pins are connected to the Input Read (/IR) and Output Write 
(/OW) lines on the SABus backplane. The four most significant lines of the 
8 address lines are used to select the card and thus the TAC. The position 
of this card in the 8085's 1/0 page is chosen by selecting a 16 byte 
boundary address via mini-jumpers on the interface card. The four least 
significant address lines are used to select one of the 16 TAC registers. 
The data lines are buffered through bi-directional, tri-stateable buffers 
controlled by a combination of the /IR, /OW and the card select lines. 
(c) The Network Interface 
The WD2840 has the necessary signals to interface it to a NRZI modem. 
The modem has to provide both the receive and transmit clocks, the required 
signal levels for the network as well as network isolation. 
The IEEE 802.4 standard requires Manchester encoding when Phase-
continuous FSK is used. Since this PHY layer may be used on the U.C.T. LAN 
in the future (once the Signetics FSK chip pair becomes available), 
manchester encoding was included. This method also provides a quick and 
reliable method of clock recovery from the transmitted data. 
The encoding is performed in this LAN by a Harris Digital IC, the 
HD-6409. This chip provides a fixed frequency Transmit clock and derives a 
Receive clock from the received data. By connecting this chip to the TAC, 
data may be clocked into the HD-6409 (from the TAC's TD pin) on the rising 
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encoder's Decode Clock (DCLK) to synchronize to the data stream being 
received (on its RD pin) from the HD-6409. 
The Manchester Encoder also provides an output to indicate whether 
the data being received is valid. This output is connected via an inverter 
to the Signal Quality (/SQ) input of the WD2840. If, at any stage during 
the frame reception, the encoder discovers an invalid Manchester character, 
the Signal Quality line is deactivated and the TAC discards the frame. 
The encoder's 16 MHz clock input is supplied by a passive crystal 
oscillator circuit. As an output from the encoder there is a 16 MHz TTL 
square wave which is used to drive both a divide-by-8 counter for the 
WD2840's clock input, and the timers for the synchronous circuitry. 
On the network side of the HD-6409, an RS-422 receiver/driver IC 
drives the twisted-pair cable directly. This chip is enabled by an 
inverted image of the TAC's RTS line. Its task is to provide the correct 
signal levels and network isolation as defined by the EIA RS-422 standard. 
(d) The Solicit Timer 
The TAC can use either centralized or distributed solicit control. 
The vulnerability introduced by· a centralized controller led to the choice 
of distributed control for this implementation. This choice also ·Complied 
with the IEEE 802.4 standard. 
The solicit timer, which is part of the MAC layer, defines when the 
station must search for a new successor. As there is no real-time clock on 
the computer, which would generally be used to define the inter-solicit 
period, a solicit timer had to be included in the hardware. This timer was 
not implemented in software due to the variety of programs that will be 
run. 
At regular intervals (determined by this hardware timer) the TAC is 
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hardware as follows: The value of the CRl register (which controls the 
successor address value) is read into an octal flip-flop. The required bit 
is set and the new value written back to the TAC's CRl register. The TAC 
will then set its successor's address to the value given, which is pre-set 
to its own address plus one at start-up. The timing is provided by a PAL 
clocked by the 16 MHz signal from the ~~nchester Encoder. To address the 
CRl register, a buffer which has its inputs hardwired to the correct value, 
is selected. Should the host cpu attempt to read the registers during this 
period, the SABus WAIT control line will be asserted until the end of the 
cycle. 
(e) Reset Circuitry 
The reset line from SABus backplane is used to reset both the TAC and 
the Manchester Encod~r. A 10 msec reset pulse is supplied by the cpu via 
the backplane, thus no extra circuitry is required apart from the usual 
buffering as specified by the SABus Standard. 
A full circuit diagram of the micro-computer NIU, the PAL equations 
and timing diagrams are given in appendix D. 
4.8 The PDP Interface Card 
4.8.1 Problem Description 
The PDP's NIU must be designed to work with a number of other real-
time devices, namely 3 disk drives, a tape drive an9 asynchronous 
terminals. The tape drive, disk drives and some of the termil'lals use the 
PDP's DMA facility and so it must be able to access the RAM at any time and 
without extreme delays. 
Two possible choices for the TAC's DMA interface to the PDP are 
available: The first is to use a high priority DMA channel to transfer the 
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RAM situated on the interface card which can be accessed by both the TAC 
and the PDP 11/23 cpu. 
The use of the local (or dual-port) RAM. was prompted by the TAC' s 
critical timing requirement and because there is no way of prioritizing the 
PDP's DMA transfer. Thus if another device was in the process of 
performing a DMA transfer, the TAC would have to wait for completion of the 
DMA cycle before it could use the bus. The dual-port RAM, on the other 
hand, allows the WD2840 to continue as a separate entity until a 
significant event occurs, such as token received, data frame received and 
frame sent. It then interrupts the PDP's cpu for service. (The WD2840 
conviniently provides an interrupt line that can be used to generate this 
interrupt.) 
A problem with dual-port RAM is that there is limited space on the 
I/O page - Bk bytes - which cannot all be dedicated to the LAN controller. 
Some means of mapping the RAM on the TAC board into a small section of the 
PDP's I/O page had thus to be found. 
A second problem, related to the I/O page, was the accessing of the 
TAC's 16 status/control registers. As all the registers in the I/O page 
have to be on a word boundary, t'he 16 registers would require 16 words of 
I/O page which is excessive. 
To reduce the I/O page address space requirement, the NIU is accessed 
via four registers. The first two are used to access the RAM while the 
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A block diagram of the circuit is shown below. A detailed circuit 
diagram and the PAL logic functions may be found in appendix G. 
The relevant Q-Bus timing diagrams are also given in appendix G of 
this report. 
(a) The Control Interface 
To provide versatility, the exact position in the PDP's I/O page of 
the NIU card, and therefore the 4 registers used to access the RAM and the 
TAC's registers, is mini-jumper selectable on the interface card. 
Access to the TAC's registers is achieved by writing the address of 
the register to be accessed into the first of the four registers. This 
address is latched into a flip-flop until a new value is written to it. The 
addressed WD2840 register may then be read from or written to. In doing so 
the correct control lines, Chip Select (/CS) and Read Enable (/RE) or Write 
ENi.ble (/WE), are activated under PAL control. 
A shift register is used to enable the correct timing and to ensure 
that the WD2840 is not accessed more often than permitted, i.e. with less 
than 300 nanosec between chip selects. 
(b) RAM Arbitration Logic 
Some form of RAM arbitration had to be provided to enable the use of 
the RAM by both the PDP cpu and the TAC. This was done on a byte-by-byte, 
first-come-first-served basis with the TAC having the precedence should the 
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Because the RAM arbitration is done on a byte-by-byte basis, the TAC 
access is never delayed for an unacceptable period while the PDP's cpu 
accesses the RAM. 
(c) Accessing the RAM 
From the WD2840 side: once the arbitration logic circuitry has 
granted permission, the WD2840 RAM address buffers are enabled 
simultaneously disabling the PDP's buffers. The arbitration logic then 
sets a multiplexer to derive the RAM control lines (Output Enable, /OE, and 
Memory Write, /MW) from the WD2840 and not from the PDP's bus. The address 
is set up by the WD2840 via latches to ensure that it remains valid for the 
time required by the RAM. The chip selection of one of the four 2 kbyte 
RAMs is via a two-to-four line decoder, where addr ss lines All and Al2 are 
provided as inputs. During a write operation the data lines are latched to 
ensure that the data is maintained long enough for the RAM. The overall 
timing is controlled by a PAL. 
From the PDP's cpu side: One method of reducing the 1/0 page 
requirement is to write the address to one register and then to read from 
or write to another register which simultaneously enables the address in 
the first, as in the case of the status/control register access above. But 
when the cpu accesses the RAM, it will generally access data in sequential 
addresses. To improve the efficiency, the "address register" is replaced 
by a 16-bit loadable counter. The cpu will thus first set up the starting 
address of the block of data by writing it to the address counter. The 
data may then be accessed via the second register without having to adjust 
the address register each time, as long as the access is sequential. A 
hardware requirement is that the address is one less than the first byte to 
be accessed as the counter is incremented at the start of each cycle. 
Some versions of the PDP's cpu, specifically the version in the 
computer used to prototype the NIU card, use a read-modify-write cycle for 
their write cycle. To ensure that the address counter was not incremented 
twice, the top address line, Al5, was set or cleared to indicate whether 
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Once the arbitration logic had granted the cpu permission to access 
the RAM, the RAM was accessed as described above for the WD2840. The 
control lines to the RAM and the bus response lines are controlled by a 
PAL. 
(d) Interrupt Circuitry 
The WD2840 supplies an interrupt pulse whenever a significant event 
occurs. This pulse is latched onto ·the bus until the cpu responds. The 
priority of the interrupt is mini-jumper selectable as is the interrupt's 
vector address. The required NIU responses are under PAL control. 
(e) Bus Interface Circuitry 
The bus interface section of the circuitry is somewhat unusual 
because the bus specification requires high impedance input buffers and 
open collector drivers. This interface is therefore made up of a 
combination of two octal receivers and four quad open-collector drivers, 
all of which are controlled by a PAL. 
In order to enforce the inter-access time, the Q-Bus's Reply control 
line is delayed via a shift register. This delay allows the WD2840 to 
update the transmission specific event counters in RAM as well as its 
internal registers. 
(f) Reset Circuitry 
The WD2840 may be reset by two sources. The first is the PDP's Q-Bus 
as a result of the cpu asserting the "Bus initialize" line. The second 
source is a manual reset on the card itself, which may be used during 
software debugging. Both initiate a monostable which provides the required 
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The clock circuitry and the network interface circuit are the same as 















The Network Interface Software 
5.1 Introduction 
This chapter continues the discussion on the implementation of the 
network related layers of the ISO RM. The subject is the software which 
provides the link between the hardware and the Transport/Session Layer 
interface, i.e. the information has been brought as far as the internal 
backplane of the computer by the hardware, it is now the task of the 
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The micro-computer software was not written specifically for CP/NET's 
NDOS because the interface may· be used by students without the CP/NET 
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small adjustment to be compatible with NDOS. These transformation were 
done by the Token-bus SNIOS, also described below. 
The software described for the PDP is simply test software which would 
form.the basis of the device driver. At the end of the chapter the second 
part of the guidelines for the PDP software designer are given. These 
guidelines relate to the creation of the device driver to interface the 
PDP's executive to the LAN hardware described in the previous chapter. 
5.2 Software Requirements 
5.2.1 The LLC Layer Requirements 
There are two types of service specified for the LLC/Network 
interface. The first is a connectionless service and the second a 
connection-oriented service. These two forms of service are used to define 
two types of 
known as Type 
type II LLCs. 
LLC layers - those providing only a c~nnectionless service, 
I LLCs, and those which provide both services, defined as 
(The IEEE 802 states that a LLC layer may not simply provide 
a connection-oriented service.) 
In a connection-oriented service, a virtual link is created between 
the two end nodes before transmission may begin. Each frame is sent along 
the same route and is acknowledged at the LLC level. At the end of the 
transmission session, i.e. when the link is no longer required, the link 
must be disconnected. A connectionless service, on the other hand, is one 
in which each frame is sent as a separate entity and has to mark its own 
route across the network. Here flow control and error recovery are 
provided by the higher layers. 
In the IEEE 802 standards, the MAC Layer only provides a 
connectionless transmission which may either be point-to-point or multi-
point and acknowledged or unacknowledged. The LLC layer is entirely 
responsible for creating the connectionless or connection-oriented service 
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If a connection-oriented service had been supplied by this LAN, the 
LLC Layer would first have had to set up the link between the two end 
points, where no intermediate nodes exist. The data packets would then 
have been sent along the link between the two nodes with the extra overhead 
bytes. Before an acknowledgement could be sent, the destination node would 
have had to have data to send or would have had to create a special 
acknowledgement frame. 
Sequencing is not a problem on a LAN as the two most remote nodes will 
generally be less than the frame transmission time apart, i.e. the 
destination node would have begun receiving the frame before the source 
node had completed transmission. There are also no alternative routes 
which would delay one frame more than another. In this LAN, the WD2840 
will implement flow controlo It would seem unwise to duplicate this 
service in the higher levels of software. The act of creating and 
terminating the logical links would also lead to large data overheads when 
short interactive traffic is predominant. 
The provision of a connectionless serv'ice appears more practical as: 
1. Sequencing is not a problem on a LAN, the nodes are so close. 
2. Flow control is provided by the TAC. 
3. Each transmission on the LLC Layer is independent thus removing the 
need for link establishment and disconnection, and consequently 
reducing overhead. 
4o A MAC Layer frame acknowledgement, provided by the TAC, means that 
this service can ensure frame arrivals. 
Connectionless transmission was therefore chosen for this LAN, 
classifying each LLC entity as a class I LLC. The services provided are to 
transmit a frame without waiting for an acknowledgement and, as an 











The Network lnterf ace Software 
·- Software Requirements 
5.2.2 Parameter Initialization 
5-4 
Before the TAC is used on the network a number of parameters must be 
initializedo IEEE defines them as: 
1. The station's address 
2. The address length, implicit in the address value (16 or 48 bits 
long). 
3o The frame acknowledgement time. 
4. Token hold time, which defines the maximum time that the TAC is 
allowed for transmission of frames before the token must be passed. 
5. Ring maintenance rotation timer, defining the maximum time allowed for 
token to circumnavigate the logical ring. 
60 The maximum time between solicits for new stations. 
7. "In-ring desired", which is a flag set by the host indicating that TAC 
must attempt to enter the logical ring. 
8. Maximum retry limit if the acknowledged connectionless service is 
used. 
There are some deviations from the IEEE standard due the limitations 
of the WD2840: The address length is only 8 bits instead of 16 or 48 bits 
long.- The maximum retry count is fixed to two by the TAC. 
5.2.3 The TAC Buffers 
Once the TAC is part of the logical ring on the network the software 
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also be able to flag the higher layers wpen a data unit arrives, and 
similarly it should be able to initiate transmission when requested to by 
the higher layers. 
The WD2840 uses a chained buffer structure. On start-up the receive 
buffer pointer in the Control Block, a section of memory set aside for use 
by the TAC's buffer control, is set to point at the start of the first 
receive buffer. All but the last receive buffer have their pointers, the 
first two bytes of the buffer, pointing at the address of the next buffer 
in the chain. The last buffer's pointer contains zero as a flag. When a 
data frame is received, the TAC places it into the next available buffer. 
The DONE bit in the Frame Status Byte (FSB), a byte in the buffer's control 
field, is then set and the next buffer pointer in the Control Block is 
updated. The host cpu is then responsible for reading the buffer, clearing 
its FSB and linking it to the end of the chain for re-use, by adjusting the 
previous buffer's pointer. 
Nxt ---- -
Buffer 
· k oo End of ~ ... ~iD~ _ ~ ~ hl:Il _ - -j ... - - - -










Figure 5.2 - The WD2840 Buffer Structure 
The transmitter buffers are dealt with similarly. On start-up the 
Transmit buffer pointer in the control block is set to zero. When the 
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first buffer. As each subsequent buffer is filled, the pointer in the top 
two bytes of the previous buffer are changed from zero to the starting 
address of the new buffer by the software. Each frame contains a Frame 
Control Byte (FCB) which enables the control software to specify, amongs~ 
other things, whether an acknowledgement· is required for that frame or 
whether this is the last frame. Once the WD2840 has transmitted, or 
attempted to transmit a frame, it writes one of the status values (given in 
Table 5.1) to the FSB; after the control software bas read the status, the 











Explanation of the Error 
Insufficient receiver buffers 
Receiver not enabled 
Receiver over-run 
Frame exceeded 16 receiver buffers 
Transmission failure after retry 
Transmitter under-run 
Too little data supplied by host 
Frame exceeded 16 transmit buffers 
Table 5.1 - Returned Status Codes 
A limitation of the WD2840 is that the Transmit and Receive clocks 
must not be more than 43% of the clock input to the TAC (which has a 
maximum of 2.05 MHz) if a single MAC frame is to consist of more than one 
buffer. By using 320 byte buffers, the largest frame required by the 
network software package, CP/NET, could be placed into a single buffer. To 
prevent failure in the event of a larger Network frame being passed to the 
LLC Layer for transmission, e.g. when CP/NET is not in use, the software 
segments the frames into 311 byte blocks. (The buffers are 320 bytes long, 
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plus overhead bytes equal 320, the WD2840 will expect a second buffer even 
though it would contain no data.) 
S.2a The Encapsulation of the Messages 
Before launching into a description of the software it would be useful 
to show how the message is encapsulated on the different layers. Each 
layer w.as not implemented as a separate entity, e.g. the NDOS performs the 
Application, Presentation and Session layer functions, thus the inter~aces 
are: 
(a) The Application Process/Application Layer interface: At this 
interface a function is requested, e.g. login or read next sector. The 
user/ application process wil 1 supply the function code and variables, . in 
the case of "login" he will give the server's address and the password. 
The NDOS builds up a message which includes the source and destination 
addresses, the FNC and the SIZ fields. 
(b) The Session/Transport Layer interface: The interface data unit at 






Data Byte 0 
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The FNC and Data Bytes are the encapsulated data from the application 
process. 
(c) The LLC/Yu\C Layer interface: The message is then converted into 
the form required by the hardware control program. At this interface the 
message loQks like this: 
Length High 
Length Low 
Destination Address (DA) 
Data bytes 
The DA is a copy of the DID provided abov , and the data bytes 
contain the whole message passed across·the Session/Transport Layer 
• 
interface. 
(d) The physical network interface: The WD2840 uses the standard 
HDLC format. This means that the message has been inserted into a frame to 
facilitate error recove~y. The frame is as follows: 
Flag (7EH) 
Token Control (TC) 
Destination Address (DA) 
Source Address (SA) 
Data bytes 
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5.3 A Description of th_g_SABus NIU Software 
The SABus NIU software was written in 8085 assembler code and 
consisted of one program - the TAC User Routines (TACUR). This program was 
divided into five sub-sections, namely, network initialization, message 
transmission, message reception, status reporting and station isolation. 
To provide easy access to the user, the routines may be run by calling 
one of five addresses at the beginning of the TACUR program. The entry 
point to the initialization routine would be at the start of TACUR, the 
entry point for message transmission at an offset of three from the start 
of the program, and the other routines at subsequent three byte intervals. 
(The program listing is given in appendix E of this report.) 
5.3.l The Initializatioq_f~p~tion 
The INITialization routine starts by setting up the parameters 
required by the TAC. The TAC is then instructed to enter the logical ring. 
If there is network activity, the NIU checks for a duplicate address (a 
function provided on the WD2840). If there is no address duplication, the 
TAC attempts to enter the logical ring at the next opportunity by 
responding to a token passed to it which will be during a solicit successor 
phase. The maximum wait is 1 second - the inter-solicit time. 
If there is no activity on the network and the TAC has the right to 
claim the token, it attempts to establish the logical ring by continually 
polling the whole address space until another node responds. The TAC then 
inf arms the user, via the console, that it is part of the network or that 
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5.3.2 The Transmission of Frames 
The second function, the transmission of frames across the network, is 
performed by the SNDMSG routine. Two flags are used to indicate the 
required service. The first is the accumulator which requests transmission 
with or without waiting for acknowledgements. The second is the 8085's B-
register which indicates whether the data buffer contains a command or a 
non-command data unit. If B is set to 0, the frame in the data buffer is 
an Unnumbered Information (UI) frame, in which case the routine adds the 
IEEE UI Control byte. If the value in the B register is 255 then the data 
buffer contains a control frame and the SNDMSG routine will not add the UI 
Control byte as the frame contains its own control byte. 
The data is transferred to one of the two WD2840 transmit buffers. 
Once the buff er header has been set up, the buffer is linked to the 
previous TAC transmit buffer and transmission is enabled. This routine 
then waits until the WD2840 signals that it bas completed the transmission. 
The value in the FSB is then read to establish whether or not the 
transmission was successful. If an error occurred, one of the status codes 
(given in Table 5.1) is returned in the accumulator, as well as the start 
address of the last block of data in which the erroneous transmission 
occurred,, contained in the DE register pair. This is to facilitate recovery 
· by the higher levels. 
If no error occurred and if there is more data to send, the SNDMSG 
routine transmits the next 311 byte block until either an error occurs, or 
the input buffer is empty and then it returns. 
5.3.3 The Reception of Data Frames 
Because the micro-computers are single user machines, the reception of 
data from the WD2840 is controlled by polling rather than via interrupts. 
On entry to the receive message routine (RECMSG), the program first 
establishes if a data frame has been received. If not, it delays 10 msec, 
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accumulator set to O. If there is data, the RECMSG routine reads the frame 
from the TAC receive buffer into memory. 
The IEEE control word is then compared to one of the supported 
functions, namely Exchange Identification (XID), TEST and Unnumbered 
Information (UI). If the frame is an XID, the RECMSG sends an XID frame 
which is stored in memory. If the frame is a TEST frame, the received data 
is looped back to the transmitter. In both the above cases, the Final bit 
(a bit in the IEEE control byte) is set to the same value as the Poll bit 
in the received control byte. If the ill~gal condition of a UI frame with 
the Poll ~it set is received, the frame is read in from the buffer and 
discarded. In each of the above cases the accumulator is set to zero to 
indicate that no data was received on procedure return. Finally, if the 
received frame is a UI frame with the Poll bit cleared (i.e. a valid data 
frame), the data is read from the TAC input buffer to the output buffer 
pointed to by the DE register pair. The value of the accumulator is then 
set to 255 indicating that data was read and the procedure returns. 
5.3.4 The Status Report Function 
The fourth function provided by the TACUR program is a status report 
performed by the STAT routine. This routine reads the values of the 16 TAC 
status/control registers as well as the 11 event counters (which give a 
couni of the occurrence of a number of non-fatal network related events). 
Each of the counters is set to 0 as it is read. It then returns these 
values in a buffer pointed to by the DE register pair. This status read 
enables the application program to calculate the best values for the WD2840 
parameters and adjust them while the TAC is on-line. 
5.3.5 The Isolate Function 
Finally, a function which enables the removal of the TAC from the 
logical transmission ring is provided. This routine instructs the WD2840 to 











The Network lnterf ace Software 5-10 
- A Description of the SABus NIU Software 
returns a flag to indicate whether the isolation is complete or whether 
confirmation from the TAC is still pending. 
5.4 The Token-bus SNIOS 
This program performs the transformation between the standard 
interface provided by the TACUR program and the interface as required by 
the CP/NET NDOS program. Its listing may be found in Appendix F of this 
report. 
The TAC User Routines program, described above, provides the user with 
a LLC/Network layer interface. The SNIOS simply has to transform this 
interface into one that is acceptable to the NDOS. The overall structure of 
the SNIOS program is given in the CP/NET Users Guide [14]. 
The first function of the SNIOS is to initialize the network which is 
done by calling the TACUR initialize routine. To send a message, SNIOS 
calls the send message routine in TACUR after adjusting the packet format 
to conform to the TACUR format. Similarly the reception of a packet is 
achieved by calling the receive message routine in TACUR and adjusting the 
format of the packet received. 
5.5 The Requirements of the PDP NIU Software 
There are two levels of software that make up the device driver. The 
first level (the only level dealt with in this project) controls the 
transmission and reception of data frames and the NIU. The second level is 
responsible for accepting instructions from the RSX-llM Executive and 
acting on them to provide multi-user access to the network. This level of 
the software is left for the writer of the PDP 11/23 Network Server 
Software. 
The software used to drive the PDP LAN card is written in LSI-11 
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FALCON single user computer, which uses a similar processor and also has 
•." -~ 0 ·'· 
the Q-Bus as its internal bus, was used for hardware and software 
development. Once the higher layers of software are written, the interface 
card may be plugged directly into the PDP 11/23. 
The first requirement of the program is to initialize the hardware 
according to the IEEE standard as detailed above~ The software must then 
control the TAC, provide correctly formatted buffers, instruct the TAC to 
send the frames and read frames from the RAM. In order to test the network, 
some form of user interface had also to be provided. Finally, some code 
had to be written to service both the Line Time Clock (a real time clock) 
and WD2840 interrupts. 
5.6 A Description of the PDP NIU Software 
The program listing may be found in appendix H of this report. It may 
be broken into 5 sub-sections: control and user interface routines, the 
device initialization routine, the frame transmission routine, the 
reception routine and the interrupt service routines. 
5.6.1 User Interface and Control Routine CMA!N) 
The MAIN routine, which may be thought of as the station management, 
has overall control of the program. It begins by calling the 
initialization routine to set up the parameters required by the TAC. The 
initialization routine instructs the TAC to go on-line and attempt to enter 
the logical loop. When it returns to the MAIN routine, the user is informed 
of the status and is prompted to select ei tber data transmis.sion or 
reception. 
While the computer is waiting for a response from the user, it 
continually checks to see if a data frame interrupt has been received. If 
an interrupt bas occurred, or if the user chooses to receive a frame from 
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Once the TAC has completed reception, RECMSG reads the TAC's buffer into a 
temporary input buffer which is used to display the message on the console. 
If the user chooses to send a frame, he is prompted for the 
destination address and the message, SNDMSG, is then cal led. This routine 
sets up the buffers, links them to the previous ones and enables TAC 
transmission. Once transmission of the frame is complete, it returns a 
status report to MAIN procedure. 
5.6.2 Initialization Routine CINITNET} 
This routine has the task of including the TAC in the logical ring on 
the network. It first sets up the WD2840 registers and then checks for 
network activity by sensing the LAN for a fixed interval defined by the 
Line Time Clock. If no Network Dead interrupt occurred during this period, 
the network is presumed to be active. If this is not the case, the TAC is 
instructed to attempt to start up the network by initiating the scanning 
procedure. The TAC continues scanning until it receives a response from 
another TAC. 
On an active network, a check is made for a duplicated station 
address. This is done by setting a timer to the solicit successor interval. 
If only one token interrupt occurs in this period, it is assumed to be as 
the result of a solicit. Should more than one interrupt occur, an active 
station must have the same address as the station attempting to enter the 
logical ring on the network. More than one interrupt would occur in the 
duplicated address situation as the active station is addressed each token 
rotation, which must be within the token rotation time, which, in turn, is 
less than the inter-solicit interval. In the duplicate address case the TAC 
is disabled and the station management informed. 
Once it bas been established that there is no address duplication, the 
TAC attempts to enter the logical ring.on the network, i.e. the TAC will 
respond to the next token addressed to it. Once the logical loop is 
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5.6.3 Transmission Control Routine (SNDMSG) 
The SNDMSG routine controls the transmission of frames. It first 
prompts the user for both the destination address and the message, which is 
limited by the software to 650 bytes. Once the message has been read, the 
FILTXBUF routine, which transfers the data from an internal buffer to one 
of the TAC's buffers in dual-port RAM, is called to create a frame and send 
it to the TAC transmit buffers (located in the dual-port RAM) in the 
required format. The FILTXBUF routine then instructs the TAC to send the 
frame and waits for its completion~ This routine then returns the 
transmission status in the Rl register. The returned status values are the 
same as those used in the SABus software, as listed in Table 5.1. 
The FILTXBUF routine is written so that it can be used in the device 
driver and so makes no assumptions about the size of the transmission 
buffer. It segments the buffer received into frames of 311 bytes long and 
adds the IEEE control byte specified in the CONTTYPE variable to each 
frame. 
The SNDMSG routine waits for FILTXBUF to return and then returns to 
the MAIN routine. 
5.6.4 Receive Message Routine (RECMSG) 
This routine checks for a full receive buffer. If llOne is found it 
returns. Should a buffer be available, it clears 'both the FSB and the 
appropriate bit in the interrupt register and then calls the Read TAC 
Receive Buffer (READWDBUF) routine in order to transfer a frame from one of 
the TAC's buffers to an internal buffer for screen display. 
The READWDBUF routine finds out which buffer should have been written 
to and checks the FSB for confirmation. If the DONE bit in the FSB is not 
set, either this buffer contains an aborted frame, which means that the 
next buffer may be full, or no data was received. If neither this buffer or 
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NODATA flag set to true. If the DONE bit is set, the READWDBUF routine 
reads the data to the input buffer ( INBUF) and links the TAC buffers in 
dual-port RAM to the chain for re-use by the WD2840. 
In order to ensure that all the buffers are read, the READWDBUF 
routine reads the FSB of the following two frames to see if the data 
contained in them is ready for access. If this is the case then the 
READWDBUF sets the NOMOREDATA flag to FALSE. 
If the NODATA flag is FALSE the RECMSG routine writes the frame source 
address, from the first byte of INBUF, to the screen after co verting it to 
two ASCII characters. The rest of the message in INBUF is then sent 
directly to the console. NOMOREDATA is checked to ascertain if READWDBUF 
must be called to read a second buffer. Once all the available frames have 
been read, RECMSG returns to the MAIN routine. 
5.6.5 Interrupt Service Routines (LTCSR and WDSR) 
These two service routines deal with interrupts from the two interrupt 
sources, the Line Time Clock and the NIU card. 
(a) LTCSR 
The Line Time Clock Service Routine (LTCSR) provides a means of 
calculating long delays, e.g. during duplicate address checking, and 
ensures, every second, that new successors are solicited. 
To create a means of calculating long delays, the 20 msec hardware 
timer interrupt is enabled. The interrupt service routine simply 
increments a counter each time an interrupt occurs. The counter is then 
read by other sections of the software when long delays are required. 
After one second, i.e. 50 interrupts, the interrupt service routine 
initiates a scan procedure by setting the TAC's successor address to its 
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(b) WDSR 
Because the TAC is receiving frames from the network at 1 Mbps, 
multiple interrupts to the same interrupt routine may occur. On the PDP 
this would not cause failures as the interrupt service routine may increase 
its priority, thereby excluding further interrupts to the same location 
until service is complete. The FALCON computer does not permit interrupt 
priorities and so multiple interrupts become problematic. To overcome this, 
the interrupt handler was made as short as possible. 
The Western Digital Service Routine (WDSR), which services any 
interrupts from the NIU card, is called when the WD2840 initiates an 
interrupt. The WDSR reads the value of the TAC's interrupt register (IRO) 
and sets the appropriate bit, or bits, in the IRDATA register in the PDP's. 
RAM. The IRDATA register is read by the other subroutines to establish if 
a particular interrupt has occurred. 
The IRO register must be read twice in order to clear the interrupt 
because of faults in the prototype version of the WD2840. 
5.7 Guidelines for the PDP Seryer Program (Part 2) 
The PDP device driver forms the link between the interface hardware 
and the PDP's Operating System Executive (that section of the operating 
system which directs program execution). The purpose of the device driver 
is to control the interface hardware thereby allowing the operating system 
to perform a number of standard functions, e.g. reading and writing of 
blocks of data. 
The device driver may be brok~n into 5 sub-sections, each requiring a 
separate entry point for the executive. These sub-sections are: 
1. I/O Initiator 
2. Device interrupt 
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4. Cancel I/O 
5. Power failure 
The I/O initiator is called to "wake-up" the device driver when a task 
queues one of the functions. For instance, to send a frame, a task would 
queue a write block request to the executive. The executive would then 
ca 11 the device driver at the I/O initiator entry point giving details of 
the function to be performed. 
Once the device has completed the function it would interrupt the cpu 
which wouid call the Device Interrupt entry point. This section of the 
driver would thus have code to deal with device interrupts. 
The Device Timeout entry point is called to cancel an 1/0 function 
which has been active too long. 
The Cancel I/O entry point provides a point for the executive to call 
LD order to cancel a previously initiated I/O function cal 1. · This is 
generally as a result of a task command rather than an executive timeout. 
When power is restored and a device driver was running before failure, 
the Power Failure entry point may be called to initialize the device 
hardware. The executive may also be instructed to call this entry point 
when the driver is loaded. 
Sections of the PDP's NIU software, described above, may be 
incorporated into the device driver. Firstly, the I/O initiator would have 
to be able to perform a number of functions, e.g. transmission and 
reception of blocks of data (or frames), device initialization and reading 
and adjusting certain parameter values. (The allowed functions must be 
specified within the driver software.) Three of the NIU software routines 
may be called by the initiator: 
1. INITNET - to start-up the network. 
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3. RECMSG - to read a frame received from the network. 













Network Verification and Conclusions 
This chapter examines the results gathered from tests performed on the 
network from which a number of conclusions are drawn. 
6.1 Network Verification 
The LAN was constructed as described in the previous chapters. 
Circuits were laid out on printed circuit board, constructed and tested. A 




Figure 6.1 - The Token-bus LAN Test Rig 
6.1.1 Functional Performance 
Because the PDP Server program has not yet been written, three tests 
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Firstly, the implementation of CP /M and the CP /NET programs on the 
U.C.T. micro-computers was verified. This was done by connecting two of 
the computers via separate RS-232 links to an MP/M-II server. Using Digital 
Research software to control the network oriented layers, and thus provide 
serial communication, the U.C.T. micro-computers were able to successfully 
communicate with the MP/M Server and use the utilities provided. This 
verified CP/M because CP/NET loaded and ran correctly. All the CP/NET 
functions were used. They worked correctly, thus confirming correct 
implementation of the CP/M and NDOS part of CP/NET on the U.C.T. micro-
computers. 
Secondly, the implementation of IEEE layers was tested using a 
specially constructed network, as illustrated in Figure 6.1. Using the 
software described in chapter 5, messages of varied lengths and contents 
were successfully transmitted between the micro-computers and the Falcon. 
The inter-solicit timers were tested by instructing one of the computers 
off the network and then immediately back on again. The computer was 
included in the logical loop within the inter-solicit time of 1 second. It 
was discovered that the duplicate address checking facility provided on the 
WD2840 prototype versions did not function correctly. A duplicate station 
address ·thus led to the exclusion of one of the stations with a duplicated 
address. This portion of the program was not adjusted as it would function 
correctly with future versions of the TAC. 
Finally, the network as a whole and its interaction with CP /NET was 
tested by allowing the micro-computers to issue CP/NET requests to the 
Falcon, which was acting as the Server. Manual Server responses were 
provided from the Falcon's keyboard. In all cases the network was found to 
function correctly. 
6.1.2 User Level Software 
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3. Compilation of high-level languages programs 
4. File storage and recovery 
5. Electronic Mailing and Word processing facilities 
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The above requirements were implemented by the combination of CP/NET 
and CP/M on the micro-computers and will be provided by the software on the 
PDP. 
To facilitate program capture a CP/M editor, e.g. Microsoft's 
WordMaster, could be used. This program was run over the RS-232 test 
network and performed correctly. Other CP/M programs could provide the 
assembler and debugging facilities, e.g. ASM for the assembler facility and 
SID or DDT as a debugger. Any of these programs could run under CP/M on the 
micro-computers. There were also a number of high-level languages supported 
by CP/M, e.g. PASCAL MT(, FOURTH, PL/Mand many others, which could be used 
on the network. 
The assembler debugging program, SID, was tested during the token-
network development phase. This program was run from the EPROM disk. The 
Electronic Mailing facility is part of CP/NET and was also tested with the 
help of the RS-232 test network. File storage and recovery were tested in 
the same way. A word processor, WordStar, was also run over the RS-232 
network. 
6.1.3 Physical Performance 
The physical requirements for the network were: 
1. It should span 800 m. 
2. It had to support up to 30 terminals. 
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Figure 6.2 shows the data signalling rate versus cable length for a 
CCITT V.11 transmission (an equivalent of the EIA RS-422 standard). It is 
clear that even for a terminated cable (curve 1), 800m is too long. To 
achieve this distance, the 800m length was broken into 75 m sections inter-



















Data signalling rate 
Curve 1 : termin11Jld interchange circuit 
Curve 2: untenninated interchange circuit 
~ 
~ 




' ' ' \. .... I\ ~ 
\~ 
Figure 6.2 - Data Signalling Rate versus Cable 
Length for Balanced Transmission 
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To ensure correct transmission over 75 m, a distance test was 
performed by connecting a 25 m section of 3 pair cable between the two 
micro-computers in the test rig. The cable was connected so that the 
signal travelled 75 m by joining two pairs at each end. The signal 
travelled the required 75 m in a noisy environment, inducing noise on 
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Figure 6.3 - Cable Connections for the Distance Test 
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The second requirement could not be tested as there were not 30 
terminals or line drivers available. The specification for the RS-422 
driver used states that 32 drivers can be used on a common link. The 
software addressing makes provision for 32 nodes on the bus and so, 
although this feature was not tested, if the chip performs according to 
specification, the requirement will have been fulfilled if the chip is 
found to perform according to specification. 
6.1.4 Data Traffic Performance 
Because the PDP server software is not complete, it is difficult to 
verify the total network performance. The LAN uses a 1 Mbps transmission 
rate and so the file transfer rate will be far higher than that of the 
original network. As far as queuing delays are concerned, it can only be 
said, at this stage that the file transfer time for a 44k byte frame is 
about 2 seconds on the test rig, with two micro-computers transmitting 
simultaneously. The PDP software author will have to provide an access 
fast enough to keep the delay to a minimum. 
6.1.5 Administration Parameters 
The TACUR program provides a status report which supplies the 
following parameters: 
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2. The number of transmission failures on first attempt which were 
successful on the second attempt. 
3. The number of erroneous access control frames received. 
4. The total number of Negative Acknowledgements sent. 
5. A count of the invalid frames received due to abnormal network 
conditions. 
6. The number of duplicate tokens received. 
7. A duplicate address count. 
8. The number of aborted transmissions. 
9. The number of times the network has been inactive for the timeout 
period. 
These values, in conjunction with a real time clock and a software 
counter to count the number of frames sent and received, can be used to 
·supply a variety of data for monitoring and control purposes. The software 
will form part of the PDP server software. 
6.1.6 Future Requirements 
The network should be able to expand to accommdate a second mini-
computer, voice and video data and the connection of other terminal 
equipment. 
The second mini-computer could be included by using a version of the 
network interface hardware and the driver software written for the PDP. 
Should the baseband transmission be replaced by the FSK broadband 
transmission, and the voice and video interface circuits are constructed, 
this network could certainly support multiple data channels over a coaxial 
cable bus. 
Any data terminating equipment may be connected to the .network. To 
achieve this a version of the network interface unit would have to be 











Network Verification and Conclusions 
- Compliance with the IEEE. 802 Standards 
6-7 
6.2 Compliance with the IEEE 802 Standard 
The only section of the project that complies with the IEEE 802 
standards is the LLC layer, which implements a Class I LLC layer. 
The MAC layer does not comply to the IEEE 802 .4 standard because of 
the use of the WD2840 TAC. The TAC was.used because of its low cost, 
availability and ease of use. 
On the PHY layer, the network was originally designed to comply with a 
IEEE 802.4 specification for Phase-continuous FSK. This design was based 
on the use of a pair of FSK modem chips which were not produced in time for 
use in this project. The PHY.layer was thus made to consist of a bus of 
twisted pair wire which is driven by RS-422 drivers, which does not comply 
with the IEEE 802.4 standard. 
6.3 Conclusions 
The introductory chapter high-lighted three reasons for the 
development. of a LAN in the Department of Electrical and Electronic 
Engineering at u.c.T., these were: 
1. The old network was slow. 
2. It was restricted in its switching ability. 
3. High level software was too expensive, and, if used, would overload 
the PDP even more. 
In principle, it is best to adhere precisely to an international 
standard, but the design for each LAN is determined by the requirements for · 
that network. To adhere precisely to the IEEE 802 standards in this case 
would have been too costly, time consuming and complex. By following the 
principles of the 802 standards and by using the WD2840 network controller, 
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The 1 Mbps Token-passing bus successfully overcomes the three 
drawbacks of the original network and makes provision for the supply of a 
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/CNTCLR = T23 * /Cl6M + /RESET 
/HOLD = /DRQI * /Tl3 + /DRQO * /Tl3 
/P = Cl6M * /ClSEC * HOSTCS'* WDRDY + 
Cl6M * /ClSEC * Tl * WDRDY 
/N = Cl6M * INRDY * /DRQO + HOLD * HOLDA 
Cl6M * /INRDY * /DRQO * Tl0 
/N = Cl6M * INRDY * /DRQI + HOLD * HOLDA 
Cl6M * /INRDY * /DRQI * Tl3 
/H = /HOLD * HOLDA 
/COUNTE = M + N + P 
PAL 2 · 
/WORDY = /WRCY * /RDCY 
/NARCY = /ClSEC * WDRDY * /HOSTCS + 




/OUTRDY = HOSTCS * WORDY + HOSTCS * NARCY 
/DOE = NARCY * Tl9 * /T23 













PAL Equations for the SABus LAN Card 
/WE = NARCY * Tl5 * /T22 
/CS = NARCY * T0 * /Tl0 
/NARCY * HOSTCS 
/ADRE = NARCY * T0 * /T23 
/IC2E = /NARCY 
PAL 3 
/RDCY = /DRQI * Tl * /IC2E 
/WRCY = /DRQO * Tl * /IC2E 
/MWE = WRCY * T6 * /Tl0 
/MRE = RDCY * ~6 * Tl3 
+ NARCY * Tl4 * T23 + 
/DACK = Tl * /Tl2 * WRCY + 
Tl * /Tll * RDCY 
/E = /DACK * /OC 
/!AB = /RE * /WE + RE * WE 












Timing Diagrams for the WD2840 
/CS~----~--~~~~-~ l-o nS-1 10 nsl 
IA0-3 x VALID X.._ __ 
1-o ns-1-- 379 nS ---1 I 
/RE -----, 1"--tli-nS-,---
DALO-7 ,1 1' VALID )>---
2-379 ns 
WD2840 Control/Status Register Read Timing 
/CS ~-----------....Jr--l-o nS-1 too nS lo nsl 
IA0-3 x VALID x---
/WE 1-o ns-~I 379 nS Jr 20-
1
1 




WD2840 Control/Status Register Write Timing 
l-379ns-I /ORQI ~ /-------
1 eons I 
A0-15 \(~---~-1-1d---~y 
1--379 ns---l2CHOO nsl /DACK -------.. ------
1-too ns-1-too ns-1 
DALO-7 ---------<( YaUd )'>----
WD2840 DMA Input Timing 
l~/~~~~-------/ORQO~ 
I BO nSI 1 
A0-15 · ~ YaUd Y--
l--375 ns--1-20-100 nS-1 
/DACK I- 2-379 ns -I l-20-100 nS-1 
DALO-7 -----------<( YIUd >--
















onsl 1 320nS I 
RO~ _____ _,/ ''---~-----~ 
WD2840 Network Read Timing 
/ATS 
l-ons-1 !onSI __ _ 
/CTS ................ ·"-----------........ .. 
/TC 
1-.489-2 us-1 
TO ______ _, '-------"~ 





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































:~----------------7'11Al.12 .,__ _____________ __,'l!Al.t3 
.,__----------------7>0Al.U 
~--------------~(IAl.15 
BIW.B oo I 
80Al9 lH! 1 
llDA!.10 ll'l! I 
IDAl.11 I 
11DAL12 : I 
8llAl I J lll2 I 
lllAI. U 8V2 I 
llllAl.15 l 
I 




1 of 5 Designed: QPM 
September 85 ·Drawn:QPM 
- - -
-.. ~ r "' • ~ - ..: ~- .., ~ ~: :._~~ ... 


















llDlll1 ._!g_J - = llfl'l.Y ~BSYllC  ..... ... All2 ! (BRl'l y (4) ..... BIA.'U> -BlAKll ~ 
BlRIU ~ 
UI ' 6IR115 I AB1 -~ ,, ---·· BIRll6 


























~ +SV PDP ·1 1/23 LAN Card +sv 6111 ' .... ··-
! Sheer· 2 ~of - --5 Designed: QPM 

















DolLS !ti, I 
IW.611) 
' llo\L7 (IJ: 
l §I .I 010 (2J 
J l I U29 fi: ~ms 141 
I a 80 AO lo;.._ .. ..... Bl u 1o!4--
82 l2 
LQo\D (4),. 83 A3 





•B U30a A 2 ' YA - '" YB--8 - -r- -~ 1' .. -, .. YC c 
YD J ........ -·· 0 
-··1 
-··2 




'ID 8 --··. 1 
YC c -··e 
~ YD ~ 
- 7 .... 
"l!!llWTl4J 
..... 




II.\ 02 82 
DA D3 113 
llAL ·, 04 04 







I s ~TACS{4J J U22 E 
oAI! 4 TA JOA 
2-=-"iwmE 14) 
llAI. Ito\ :-- SELRE (4) 
llollJ 7 
'ID 109 
i-- RAlllE 14) 
I 
118 ~ SELWE 141 
..u.. YD !OD lo ~ !ID lo " . ..1 
YC IOC lo lo UC I- lo 
6 l ...... 
U2! 
~·Lll PDP 1 1/23 LAN Card 
I 
11J(t2ll-0~ Sheet 3 of 5 Designed: QPM 
J 
i 
/September 85 Drawn: QPM 
,.,.., 
~-;1 -· ... ;. -. 
_, 
..:i:- .--':!i 
















f.i I 1111 'r--'· U49 1112 L IP r ---Ii Ill . 1-=i Ill! a>ll ~ ---! QI CPI h -Oil ,,. B2 -c> 2k2 , .u. Ill 
~ 
~ 01 L .? 
I l g 
~ 02 I 
.. ..u. 
I 
113 I - .... 
.__ ~l--1 rn 
., U51 llVil U52 I A 
~Sr -• - SDO • D USO -~ _,.,. Dill l & Q L ' 




821 - :z 
L 801 
1.'' fr{ µ~, 115 ~ Ji SS II 
Co- ~r-==i-' .: ', --· .... )Ilm! 





• .127;. -.. j rl 
iJ ,ucs 141 
LY l• I· I 10 5 g SD D t.l..- 9 g Sil 0 µl . 
I U35a .,l U35b IP, µJ._ CP ~ 
I ..i a Ill 
~ 
.J. a Ill 
' I !3 
CP~~ CP B 
U36 Kii ~ U37 Ill 
_g 
,DIM l4l 
L_1 GD DSA ~ ,,J. QO OSA ±i ll9I ll9I .. • 01 ... Qt .. B2 .. B2 
ll3 IL~ 
Q3 .. e• a• 
95 0: G5 
as I! 116 
07 " ~ 07 
rJBSlllt Ill PDP 11/23 Card OE LAN ~ Ul: E U46 
'----' 00 llG ,.. ---- DI QI D2 112 ~-
03 Q3 
~~Sheet 4 of 5 Designed: QPM tl3 
0( Q( 
05 llS ~ ' 
06 llli I 
07 117 • 









































.. . . . . . 
PDP11/23 LAN Card 
Sheet 5 of 5--- -- - Designed: QPM 











PDP 11/23 LAN Card PAL Equations G-7 
The PAL equations for the PDP LAN card are given below. In 
PAL 4 the := means that it is a clocked output, clocked on 
the input specified in brackets. As before a / means 
negative logic. 
PAL 1 
INl = BOIN * INTROE * WDDATl + 
BOIN * INTROE * CNTCLKl + 
WDDATl * CNTCLKl * INTROE 
IN2 = BOIN * INTROE * WDDATl + 
BOIN * INTROE * CNTCLKl + 
WDDATl * CNTCLKl * INTROE 
A = /BDOUT * /CNTCSl 
RE = /BOIN * /WDDATl 
WE = /BDOUT * /WDDATl 
' 
CLK123 = /CNTCLKl * /BOIN * READ + 
/CNTCLKl * /BDOUT * /READ + 
/CNTCSl * /BDOUT 
CNTCS = CS * /DALl * /DAL2 
CNTCLK = CS * DALl * /DAL2 
WDADR = CS * /DALl * DAL2 
WDDAT = CS * DAL! * DAL2 * /TACS 
PAL 2 











PDP 11/23 LAN Card PAL Equations G-8 
DMAWE = /TS * /DRQOl 
DMARE = /T8 * T4 * /DRQil 
ADREN = /IDLE * TACS * T6 
CLK175 = /Cl6M * IDLE 
READY = /HOSTOK 
HOSTOK = /HOSTS + TACS + IDLE 
DACK = TACS * /IDLE * /TS 
IDLE = /TACS * /HOSTS 
TACRQ = DRQI * DRQO 
PAL 3 
HOSTRQ = CNTCLKl * WDDATl 
WDDOUT = /WDDATl * /BOIN + /DMAWE 
SELWE = /DMAWE * /CSEN * /T7 
SELRE = /DMARE * /CSEN 
RAMWE = /CNTCLKl * /CSEN * /BDOUT 
RAMOE = /CNTCLKl * /CSEN * /BOIN 
RAMAE = /CNTCLKl * /BOIN + /CNTCLKl * /BDOUT 











PDP 11/23 LAN Card PAL Equations 
RPLIN = BDIN * BDOUT 
BRPLY = QF * /READY + /INTROE + 
/BDOUT * /CNTCSl 
PAL 4 
WDDOC := WDOCl (Cl6M) 
WDOCl := /WDDATl * /BDOUT + /DMARE (Cl6M) 
WDDG = DMARE * WDDATl * WDDOC + 
DMARE * BDOUT * WDDOC 
REGSEL = /WDADRl ~ /BDOUT 
DONE = /HOSTRQ * HOSTS + DL5 + /RESET 
PAL 5 
INTROE = /BIAKI * /BIAKil * INTS * INT6 * INT7 
BIAKO = /BIAKI * /INTS + /BIAKI * /INT6 
+ /BIAKI * /INT7 
CSEN = /CSENl + /DACK 












Q-Dus Timing Diagrams 
BOAL ~-=><= T Dita . x x 
75nSI j-25nS-I l-t25nS-I I o-tOOnS I lt1itnSI 
BSYNC I I 
I too nS -I --tso nS-- I I BOIN --,-fl-uS _/ I "' . ,-300nSNIN-
BAPLY ---~ ~-
75 nS I l-l!S nS-1 
8857 ~ x,-------x-----
BWTBT~ x 
(NOTE: Negative logic) 
Q-Bus Read Timing 
BOAL =x, fl Addr x, II Dllt• .==><==:!_ 
75 nS 1-,...25_n_s ------- I 25 nS NIN I 
BSYNC ~00 nS _ 1 I · . I too nS I'\. / 
BOOUT l ',. / l-t50nS--~ !- 30onSMJ11-I 
x 
BWTBT i__/ "'/ ASSERTICft • BYTE =><----
(NQTE: Neqative loqic) 
Q-Bus Writ~ Timing 
I 
I ~'m"h~tencr -
BIRQ /,,----:-----___,, I 150 nS NIN ""--------
BOIN l,,.---___ :_-=._---
BIAKI __ ___, 
BAPL Y ___ ___, 
I t25 nS I too nS w I I 
BOAL -------__ """"'X Interrupt Victor >C 
(NOTE: Negative Logic) 










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Program Users' Guides 
I.l Using EMS 
To use this program proceed as follows. Make a copy of the 
EPROMs onto the EMS disk. (The EMS disk presently contains 
a copy of the EPROMs used in the micro-computers.) The 
files must be named EPDIR.COM for the first one and then 
EPl.COM, EP2.COM and so on. To run the program type: 
EMS<CR> 
This will give the main menu. If M is chosen, a display of 
the program map is sent to the console. If D is- selected 





The EMS program will either delete the program 
or, if there is no such program in the directory, 
inform the user. If the program is deleted, the 
be instructed to re-program the EPDIR EPROM with 
the contents 9f EPDIR.COM which is now the updated version 
of the directory. If A is chosen, then the user will again 
be prompted for the name of the file. Should the specified 
program already be present on the pseudo-disk, then the user 
is given the choice of replacing the old program or aborting 
the ·addition utility. The EMS program will then load the 
program from the specified file to the EPn.COM file, giving 
the user a list of the EPROMs that need reprogramming. 











Program Users' Guides 
Using EMS 
I.2 Using the TAC User Routines 
I-2 
The user routines may be used by any 8085 program run on the 
SABus computer. The program must first be loaded from the 
EPROM card by typing: 
*LAN<CR> 
to'which there are two possible responses. The first is the 
duplicated address message: 
Duplicate TAC addresses 
In this case the EPROM's have been programmed with the 
incorrect TAC address value. This address is found at 
address 0025H and should be different for each TAC. The 
second possible response is: 
TAC initiated 
This may take a while to appear. If no other TAC is on the 
network, it will wait until another one is initialised. 
This message means, therefore, that the TAC has been 
initialised and that it is currently taking part in a 
logical ring. 
All the entry points are entered by jumping to the 
appropriate offsets with the registers set to the required 
values. To enable direct control of the WD2840, the 
registers may be accessed directly by the 8085 IN and OUT 
commands. The TAC is situated at address 70H in the I/O 
page of the 8085 but is mini-jump selectable to any address 











Program Users' Guides I-3 
Using the TAC User Routines 
I.3 Using the CP/NET Programs 
The TAC User routines must first be loaded as explained 
above and then the CP/NET programs may be loaded from the 
EPROM card when CP/NET is run from the SABus computers by 
typing: 
*CPNET<CR> 
The rest of CP/NET is as specified in the CP/NET Users 
guide. 
I.4 Using the PDPLAN Program 
To use this program it is necessary to load the program down 
from the PDP to the FALCON computer. This is done in two 
stages. The first section is to load down, under ODT 
control, a loader program which will enable the fast 
transmission of the user program. This loader program will 
read the start address of the block and the length of the 
block from the first two words received and then write the 
subsequent data to the correct place in memory. 
There are two prog~ams which run on the PDP 11/23 and which 
are used to send the programs. The first, PDPLD, will send 
the data in a way that ODT would expect the user to type it 
in. The second will start the loader program prevoiusly 
sent and then write the user program into memory. 
To run these programs, set the line connected to the 
to NOECHO and SLAVE mode, and then type: 
FALCON 











Program Users' Guides 




on another terminal logged on under 100,7. This program 
will prompt the user for the file name and the terminal of 
the FALCON. The program name should be LO.OBJ. Once this 
is complete, the user should then type: 
RUN DNL<CR> 
to run the download program. This too will prompt for a 
file name and the destination terminal. The file would be 
PDPLAN.OBJ. Once this is complete, the user may run the 
PDPLAN program by typing 
500G 
on FALCON. The response will be one of two messages. 
Firstly, if the network is active then: 
WELCOME TO PDPLAN 
TESTING FOR DUPLICATE ADDRESS 
will be displayed. If there is a duplicate address then the 
following message will appear: 
ADDRESS DUPLICATION - CHANGE MY ADDRESS 
and the program will stop. If no address duplication occurs 











Program Users' Guides 
Using the PDPLAN Program 
NO ADDRESS DUPLICATION - ENTERING LOOP 
READY FOR DATA EXCHANGE 
TYPE: T TO TRANSMIT A FRAME 
R TO RECEIVE A FRAME 
> 
I-5 
The TAC is now in the logical loop and ready for data 
exchange. The user may now transmit a 
in which case the user will be prompted 
address by the following message: 
frame by choosing T, 
for a destination 
TO WHICH TERMINAL MUST THE MESSAGE BE .SENT? 
01H TO FEB - TO SEND TO A SPECIFIC TERMINAL 
FFH - TO BROADCAST 
ENTER THE HEX VALUE > 
Once the hex value has been entered, which may be corrected 
by the <DEL> key, the user will be informed that it was 
incorrect if that is the case, and will be prompted for a 
new value or, if the address was valid, then the user is 
prompted for the message with the following message: 
NOW ENTER THE MESSAGE TO BE SENT (Z TO TERMINATE): 
The Falcon will then accept up to 650 characters which will 
be sent. Once the console displays the transmit or receive 
message again it means that the frame has been sent. 
To receive a message, the user may type R to the transmit or 
receive message, but each time the TAC receives a message it 












A detailed discussion on the choice of the U.C.T. LAN 
architecture. 












The U.C.T. LAN Architecture 
No one LAN architecture is the best for all 
applications. It is thus necessary to carefully examine 
each network's requirements and design a LAN specifically 
for that application. 
This chapter attempts to show that the Token-passing 
bus LAN was the best architecture for the U.C.T. LAN. 
2.1 The U.C.T. LAN Requirements 
The requirements for this LAN are as follows: 
1. Low cost. 
2. Minimal cabling. 
3. A maximum of 30 stations. 
4. 1 Mbps.transmission rate. 












The U.C.T. LAN Architecture 
- The U.C.T .. LAN Requirements 
PAGE 3-2 
Any one of a large number of architectures would fulfil 
these requirements, e.g. slotted-ring, CSMA/CD bus, 
token-passing rings or busses and a variety of star 
networks. In or~er to provide the moit cost-effective and 
long-term design, Wittlin and Ratner [27) state that one 
should choose an architecture that adheres to some standard. 
This ensures that for future additions and modifications 
there are a number of possible equipment suppliers, thereby 
guarante~ing the availability of new equipment at 
(hopefully) reasonable prices. 
The choice of the architecture was thus limited to one 
of those specified by the IEEE 802 standards which are 
generally considered to be the emerging LAN standards. 
2.2 Overview of the IEEE 802 Architectures 
Up to the beginning of this decade computer networks 
were most often designed around the International Standards 
Organisation's Open Systems Interconnection Reference Model 
(ISO/DIS 7498), known as the ISO RM, which defines computer 
intercommunication. With the increased demand for computer 
communication caused by the development of LSI technology 
an~ the subsequent creation of the micro-processor, 
manufacturers began designing local computer communications 











The U.C.T. LAN Architecture PAGE J -3 
Overview of the IEEE 802 Atchitectures 
. led to a proliferation of LAN architectures. The IEEE 
appointed the 802 committee with the task of attempting to 
standardize on certain LAN architectures. The results of 
their work is a suite of standards collectively called the 
IEEE 802 standards. 
The general aim of the 802 standards was to transform 
the ISO RM into a model that app~ies directly to local area 
networks. This was achieved by re-defining the lowest two 
ISO RM layers, the Physical and Data-Link layers as the 
Physical (PHY) I Media Access Control (MAC) and Logical Link 
Control (LLC) layers. The PHY layer controls the physical 
signalling over the network, the MAC layer controls the 
access to the shared medium, and the LLC layer is in charge 












Figure 2.1 - The ISO Model and the IEEE 802 Model 
Very early in its existence the IEEE 802 committee 
realised that it was unable to standardize on a single LAN 
architecture. This led to the formation of ·a number of 











The U.C.T. LAN Architecture 
~ Overview of the IEEE 802 Architectures 
PAGE J-4 
beginning of 1985 standards defining four architectures had 
been drafted, namely: 
1. ANSI/IEEE 802.3 - 1985 defining a baseband CSMA/CD 
bus network 
2. ANSI/IEEE 802.4 - 1985 defining a broadband and 
3. baseband Token-passing bus network 
4. ANSI/IEEE 802.5 1985 defining a baseband 
Token-passing ring network 
2.2.1 IEEE 802.3 - CSMA/CD Bus Network 
Carrier Sense Multiple Access with Collision Detection 
{CSMA/CD) is a technique which enables a number of nodes to 
transmit information {at random intervals) over a common 
medium. Random access is achieved, firstly, by sensing the 
network for activity (carrier sensing) before transmitting 
and, secondly, once the network is found to be unused and 
the station has begun its transmission, by providing a 
"listen-while-talk" facility (collision detection) which 
compares the data being sent to that on the network. 
Inequality between these signals indicates a frame 
collision, caused by more than one station transmitting 
simultaneously. 












The U.C.T. LAN Architecture PAGE J-5 
- Overview of the IEEE 802 Architectures 
to ·wait for the dissipation of any transients on the 
network, the IEEE 802.3 standard defines a period of quiet 
between frame transmissions called the "inter-frame" delay. 
To enforce this period, the station must continuously sense 
the network and begin a timer on detection of no 
transmission, i.e. the end of a frame. This prevents the 
transmitter from attempting to access to the network before 
the end of the inter-frame period. 
When data is presented to the MAC layer for 
transmission, it constructs a frame by adding the header 
fields, checksum and flags, and places the frame into a 
transmitter queue. Transmission of these frames is 
postponed if another station is using the network or if the 
inter-frame period has not elapsed since the previous 
transmission. Once this period has expired, transmission is 
initiated. Because no station will begin its transmission 
whilst the network is in use, a collision must occur within 
the end-to-end propagation time for the network and thus be 
detected at the transmitting stations before the end of two 
such propagation times. Collision detection is also the 
reason for specifying a minimum frame length to be longer 
than twice the end-to-end propa~ation time for the network. 
When a collision does occur, the transmitting station 











The U.C.T. LAN Architecture PAGE J-6 
- Overview of the IEEE 802 Architectures 
in the IEEE 802.3 case) thus ensuring that all participating 
stations are aware of the collision. Jamming is required 
because the analogue collision detection circuitry may not 
detect a very short collision, e.g. if a second station 
began its transmission momentarily before receiving 'the 
first station's frame and instantly stopped on detection of 
the collision. 









Inter-Ira .. delay 
Tranatdt 
Figure 2.2 - CSMA/CD Bus Operation 
After the detection of a collision, contention between 
the responsible stations is resolved by delaying their 
re-transmission attempts by a random number (r) of "slot 
times". This slot time is the maximum time required for all 
the stations on the network to detect a collision and must 
be greater than twice the network's end-to-end propagation 
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bit times by the IEEE. 
The random period (r) is calculated by a controlled 
randomisation process called "truncated binary exponential 
backoff", and is an integer which lies between 0 and 2k, 
where k is the smaller of the retransmission count and 10. 
A station will attempt to re-transmit the frame a maximum of 
16 times after which it will inform the station management 
and terminate. Only once a frame has been successfully 
transmitted, will a new frame be sent. 
The IEEE 802.3 standard defines the following parameter 
values: 
1. Slot time = 512 bit times 
2. Inter-frame gap = 9.6 usec 
3. Jamming bits = 48 
4. Minimum frame size = 64 octets (512 bits) 
5. Maximum frame size = 1 518 octets 
6. Maximum end-to-end distance = 2.5 km 
7. Data Rate = 10 Mbps. 
2.2.2 IEEE 802.4 - Token-bus Network 
Token-passing is a distributed polling access method 











The U.C.T. LAN Architecture ·PAGE J-8 
- Overview of the IEEE 802 Architectures 
number of terminal devices. 
Essentially the Token-passing operation is this: the 
right to the network is passed from station to station 
around a logical ring on the bus network in the form of a 
unique control frame called the "token". The station that 
is addressed by the token may transmit up to a pre-defined 
maximum number of frames or simply pass the token to its 
successor. Token rotation is in descending order of station 
addresses, except that the lowest station passes the token 
to the station with the highest active address in order to 
complete the logical ring. Each station keeps a record of 
its own address, its successor's address and its 
predecessor's address. By fixing the rotation of the token 
(to either descending order, as in the IEEE case, or 
ascending order which the WD2840 uses), the quick inclusion 
of new stations and the re-establishment of the logical ring 
after failure, is facilitated. 
I 
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To prevent a s1ngle station transmitting for a long 
period of time ("network hogging"), each station keeps a 
record of the time that it has held the token. By comparing 
this value to a fixed maximum token hold time, a station may 
determine if there is enough time to transmit a queued frame 
or if it must pass the token. 
The IEEE 802.4 standard also .defines an optional 
priority structure which consists of 8 priority levels or 
service classes. The top four, service classes 4 to 7, are 
for "synchronous data" which require a guaranteed 
transmission time, while frames of the lower 4 service 
classes, 0 to 3, use the residual bandwidth. The service 
classes are paired to form 4 access classes, where service 
classes 0 and 1 form access class O, 2 and 3 form access 
class 2, 4 and 5 form access class 4 and service classes 6 
and 7 form access class 6. Each access class is given a 
"target" token rotation time; if the token returns after 
passing around the logical ring and the target time has not 
been exceeded, a frame from the particular service class's 
queue may be sent. Thus packets may be sent at the same 
access class, i.e. have the same target rotation time, but 
the LLC layer may still define which packets must be sent 
first, by placing them in the higher service class's queue. 











The U.C.T. LAN Architecture PAGE J-10 
- Overview of the IEEE 802 Architectures 
token hold timer to determine if it is permitted to send a 
frame. Should all the frames from service class 7 and 6 be 
sent and should time still be available on the maximum token 
/, 
hold timer, the, token will be passed within the station, to 
the next service class. The new service class will 
determine if the token rotation time is less than its target 
value and, if so, transmit one or more queued frames, but 
after each frame ensure that there is time available on the 
target rotation timer. The token will pass to the next 
service class only once transmission of all queued frames is 
complete or if the target token rotation time has been 
exceeded. This continues down to the lowest service class 
after which the token will be passed to the next station. 
(A station not using the priority structure, will transmit 
frames with an access class of 6, and so use only the 
maximum' hold timer.) 
Figure 2.4 below illustrates this structure by way of 
an example. The station under consideration has three 
service classes, 7, 3 and 1, which fall into access classes 
6, 2 and 0 respectively. The maximum hold time is set to, 
say, 1000 octet times. The target rotation time (TRT) for 
access class 2 is 2000 and .access class 0 is 1500. The 
station has two frames of 200 octets queued for service 
class 7, one frame of 500 octets for service class 3 and one 
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received after passing around the logical ring, it has taken 
1000 octet times. The two highest priority frames are sent, 
leaving 600 octet times on the maximum token hold timer for 
the lower levels. The token is thus passed to the service 
class 3 sub-station, which calculates that there are 600 
octet times available for transmission based on its TRT 
(i.e. 2000 - (1000 + 400)), and so it transmits its frame. 
Only 900 (i.e. 400 + 500) octet times have bee  used since 
the token was recieved, which is within the maximum token 
hold time, thus the token is passed to level 1. This level 
discovers that its target rotation time has been exceeded 
(i.e. 1500 < (1000 + 400 + 500)). The token is therefore 
passed to the next station without the transmission of any 
level 1 frames. 
Token reeeluedr- ;;;-
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Figure 2.4 - Priority Transmission on the Token-bus 
This priority frame handling structure makes the IEEE 
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large delays cannot be tolerated. Such frames can make use 
of the ''synchronous" data transmission. 
In a real network there are a number of conditions 
which require special procedures for their handling. These 
conditions are: new station inclusion, initialization of 
the logical ring, action on discovery of a lost token and 
station removal. 
(a) New Station Insertion: 
A new station may only be included in the logical ring 
when invited to do so by one of the already active stations. 
This is achieved by having the active stations issue 
"Solicit Successor" frames at regular intervals. A "Solicit 
Successor'' frame specifies a range of station addresses that 
may respond (with a "Set Successor" frame) in order to be 
included in the logical ring. During the successor 
soliciting phase, the token-holding station attempts to find 
a new station whose address falls between its own and its 
successor's addresses. It thus looks for a station with the 
highest address in the spe6ified range, or, if the 
soliciting station is the lowest active station, it looks 
for a new station with lower address or one that has a 
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It is possible that more than one station in the 
address range, specified by the solicit successor frame, 
will require inclusion in the logical ring. To ensure that 
only the station with the highest address in the range is 
included, a contention resolution process, which makes use 
of "response windows", is defined. A response window is a 
fixed period, calculated from the completion of a frame to 
the start of the responding station's frame. Its purpose is 
to define the starting time of a response frame and thereby 
enable the sort process defined below. 
If the token-holding station receives a garbled 
message, it will assume that more than one station has 
responded with a ''Set Successor" frame and will thus issue a 
"Resolve Contention" frame. Those stations which responded 
to the "Solicit Successor" frame will transmit a second "Set 
Successor" frame, but this time delayed by 0, 1, 2 or 3 
response window periods after the end of the token holder's 
"Resolve Contention" frame. This delay is computed by 
complementing the two most significant bits in the station's 
address, i.e. if the two bits are 00, 01, 10 or 11 the 
transmission is delayed by 3, 2, 1 or no response window~ 
respectively. A station will only respond if no other 











The U.C.T. LAN Architecture 
- overview of the IEEE 802 Architectures 










Delay lor required 
period 
Nelwo'rk acliue 
110 Station e do•• 
nol lr-ana111lt. 
Figure 2.5 - Response Windows 
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If the token-holding station is still unable to 
interpret the frame, it will issue a second "Resolve 
Contention" frame. Only those stations that sent frames in 
response to the previous "Resolve Contention" frame will 
respond again, but this time their transmission will be 
delayed by a value calculated, in the same way, from the 
second most significant pair of bits in the address. This 
procedure will continue until a valid "Set Successor" frame 
(which must be issued by the station with the highest 
address in the specified range) is received by the token 
holding station. 
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included in the logical ring by subsequent "Solicit 
Successor" frames. 
(b) Initialization of the Logical Ring: 
The initialization process consists of two phases, the 
first is the selection of a single initializer (as more than 
one station could attempt to assume this role). The second 
phase establishes the logical ring on the network using a 
sort-by-address process described in (a) above. 
On network start-up, or after the network has been 
inactive for 6 or more "slot times'', an attempt will be made 
to (re-)establish the logical loop. The maximum time 
required for a MAC layer to receive an immediate MAC layer 
response, i.e. one generated by the remote MAC layer itself 
and not by its higher levels, is called the "Slot time" 
( T
5
) , which is equal to one "Response Window", and is 
defined by IEEE as follows: 
[Octet times] 
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to 
~bis the time between the data being 
ready and the start of transmission. 
i;;mis the safety margin (at least 1 symbol 
time long). 
~ymis the symbol time. (1 µs for a 1 MHz 
network) 
On start-up each station has its "Inactivity Timer" set 
7 slot times. Once the logical ring has been 
established, the node with the lowest address resets its 
value to 6 slot times. 
The expiry of the "Inactivity Timer" prompts the 
station to claim the token by transmitting a "Claim Token" 
frame. Assuming that more than one station transmitted such 
a frame, which could occur at network start-up or if the 
lowest station failed, the IEEE 802.4 standard provides a 
means of isolating a single station, namely the highest 
station that sent a "Claim Token" frame. 
This contention resolution process, which is a sort 
based on the length of the "Claim Token" frame, is achieved 
by each potential initializer setting the length of its 
"Claim Token" frame's data field to reflect the value of a 
pair of bits in the address. The first "Claim Token" 
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depending on the value of most significant pair of bits in 
the address, i.e. if the values of the top two bits were 
00, 01, 10 and 11, the data field would be 0, 2, 4 and 6 
slot times long respectively. Once the frame has been sent, 
the station will wait one slot time (for the propagation of 
its own frame and other station's frames; sent at the same 
time) and then sense the network for activity. Only those 
initializers that sense no activity are allowed to continue 
vying for initializer status; the other stations must 
remain silent. 
The contention resolution process continues by sending 
a second "Claim Token" frame. This time the length is 
related, in a similar way, to the second most significant 
pair of bits in the address. This procedure continues until 
all the bits in the address have been used, as well as two 
random bits. (The random bits allow for the error condition 
where two stations have the same address.) The station which 
sends the last "Claim Token" frame and hears nothing has the 
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Figure 2.6 - The Contention Resolution Process 
The second phase, that of establishing the logical 
is achieved by the sort-by-address process described 
in (a) above. 
(c) Station Removal or Failure: 
A station passing the token is responsible for ensuring 
that network activity follows the transmission of the token. 
No activity prompts the re-transmission of the token. If 
there is still no response after the second token 
transmission the token-holding station must attempt to find 
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which is an attempt to make contact with the failed 
station' S· successor. This frame requests the station whose 
predecessor address is equal to the value in the data field 
to respond with a "Set Successor'' frame. If such a station 
is active on the network, which will be the case unless both 
of the two subsequent stations have failed, it will respond 
with a "Set Successor" frame and the ring will be 
re-established. 
No response to a second "Who Follows" frame will lead 
to ·the issuing of a "Solicit Successor" frame in order to 
find any other active stations. If a response is received 
from one or more stations, the logical ring is formed as 
described in (a) above. A silent network after two attempts 
means that either the station has become deaf or the network 
is unusable, and so the token holding station will enter the 
listen-only state. 
If a station fails while holding the token, the lost 
token recovery procedure (described in (d) below) will be 
invoked. 
To permit orderly exclusion of a station from the 
logical ring, a station may send a "Set Successor" frame, 
containing its successor's address, to its predecessor. On 
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(d) Token Loss and Duplicate Token: 
If the Token is l6st through a station failure, 
recovery will be initiated by the expiry of an inactivity 
timer. The recovery procedure follows the strategy 
described in (b) above. 
If a station which has the token detects a transmission 
that is not a response frame, it will assume that there is a 
duplicate token on the network. Under this condition it 
will not pass the token and will wait for a new one before 
transmitting any further frames. 
2.2.3 IEEE 802.5 - Token Access Ring 
In the Token-ring network, each station is connected to 
two others by means of a point-to-point link to form a 
closed ring. This connection is made by means of a Network 
Interface Unit (NIU) which ensures that the network is not 
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Figure 2.7 - The Token-ring Physical Structure 
Frames are transmitted around the ring by being relayed 
from one node to the next. To ensure ordered access to the 
common medium, a Token frame is also circulated. A station, 
which has data to transmit, gains access to the network by 
setting the busy/free bit in a passing token, thereby 
converting the token into a start-of-frame marker to which 
the frame is appended. Because the IEEE 802.5 Token-ring is 
a single token protocol, i.e. only one token may be present 
on the network at any time, it is the responsibility of the 
token holding station to issue a new token only once the 
frame header has circumnavigated the network, providing that 
the station has no more queued data or it has sent the 
maximum number of frames per token reception. 
A priority facility, incorporating 7 priority levels (1 
7), is provided on the Token Ring. When a station 
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transmit the frame on receipt of the next free token of 
lower or equal priority. If the network is busy, the 
station will set the appropriate "reservation" bits in the 
header of a passing frame, indicating the level of priority 
required. On receipt of this header, the token holding 
station will issue a high-priority token, allowing access to 
frames of that or a higher priority only. In order to 
prevent a high-priority token from circulating continuously, 
the station that first issued the high-priority token is 
responsible for returning it to the priority it was received 
at, after a single rotation. 
Frame reception is achieved by the NIU copying all the 
passing frames into an internal buffer. The destination 
address is then compared with its own address and if it 
corresponds the frame is passed to the computer via the LLC 
layer. 
Ring maintenance is achieved by assigning to one of the 
active stations the task of "Monitor''. On start-up each 
station enters stand-by monitor mode. After a period of 
network inactivity, defined by the "Inactivity Timer", any 
station may issue a "Claim Token" frame in an attempt to 
become the active monitor. To ensure that only one monitor 
exists, a station vying for monitor status defers to a 
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Token" frame with its own address as the source address 
means that a station has been successful in its attempt to 
become the Monitor. (A "Claim Token" frame with a lower 
source address than the stations own address is ignored.) If 
an active monitor receives a "Claim Token" frame, an error 
has occured. To facilitate quick recovery, it will cease to 
be the monitor and return to stand-by status. 
St.ale B: 
Stale 3; Ar.liue 
Monitor 
Figure 2.8 - Simplified Token-ring Monitor State Diagram 
The Monitor station has the following tasks: 
1. It must issue a new token when the network has been 
inactive for a specified period. 
2. It must check for and recover from continuously 
rotating high-priority tokens 
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2.2.4 The WD2840 Token-bus 
The Token-bus has of ten not been considered as a viable 
network architecture because of the complexity of its MAC 
layer. Recently, though, western Digital Incorporated 
introduced the WD2840 Token-access controller which is a 
single chip that implements the Token-bus MAC layer. The 
WD2840 was used in this project, but unfortunately its 
implementation of the MAC layer differs from the IEEE 802.4 
specification in several respects, namely: 
1. Direction of token rotation. 
2. Frame format. 
3. Dynamic operat~on. 
1. Direction of Token Rotation: 
The direction of the token rotation is opposite to that 
of the IEEE 802.4 standard, in that the token is passed from 
a station with a lower address to one of with a higher 
address. The last station, with the highest address, will 
then pass the token back to the first station, i.e. the one 
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2. Frame Format: 
Firstly, the fields for both the destination and source 
addresses are only 1 octet long, and not 2 or 6 as defined 
by IEEE. 
Secondly, the frame check sequence is a 16-bit field 
rather than a 32-bit field. 
Thirdly, all frames contain an access control field. 
This field performs two functions: either it requests an 
immediate acknowledgement to the frame being sent (when it 
has a value of 255) or it "piggy-backs" the token by 
containing a valid address, i.e. between 1 and 254. (A. 
value of 0 has no meaning or effect.) A data frame can 
therefore simultaneously transfer data and pass the token to 
the same or different stations. 
The shorter address field and FCS reduce frame 
overhead, thereby improving the potential throughput. These 
fields limit the WD2840 to non-IEEE 802.4 networks and, 
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3. The Dynamic Operation: 
(a) Initialisation of the Logical Ring: 
When the inactivity timer (or the Network Dead timer) 
expires and the station has been assigned the task of 
initializer, the station will assume that the token has been 
lost or that the network has just been powered up and will 
attempt to (re-)establish the logical ring. 
On network start~up, the first station that is powered 
up will attempt to establish the logical ring. This is 
achieved by a "scan operation" where each station sets its 
successor's address value to its own address plus one. An 
attempt is then made to pass the token. If no response is 
forthcoming, the station will increase the value and attempt 
transmission again. Once a response is evoked, the station 
will save the address as that of its new successor. As each 
station receives the token it will scan for its successor 
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(b) Token Loss: 
Recovery from a lost tbken is achieved as follows: 
When the token holding station passes the token it listens 
for a response. If nothing is received in the required 
response period, it re-transmits the token. If there is 
still no response it will scan for a new station, using the 
procedure in (a) above. 
If a station fails while holding the token, after a 
period of time defined by the shortest Network Dead timer, a 
station will set its successor address to its own address 
plus one and begin the scanning procedure as described in 
(a) above. 
(c) Station Insertion: 
The WD2840 controller has no means pf calculating when 
to solicit for a new successor. It is thus the 
responsibility of the host computer or the interface 
hardware to initiate the scan cycle. This is achieved by 
setting the station's successor address to its own address 
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successor. A new station, having an address which falls 
between the station's own address and its successor's 
address, will thus be included in the logical ring. 
(d) Station Removal or Failure: 
The WD2840 does not define a "Set Successor" frame as 
it keeps no record of its predecessor's address. A station 
will thus be removed after ignoring the next token, 
resulting in a scan for the new successor by its 
predecessor. 
If the station fails while holding the token, the 
expiry of a Network Dead timer will invoke the logical ring 
re-establishment procedure described in (a) above. 
2.3 A Comparison of the Architectures 
In this section the IEEE architectures and a Token-bus 
network using the WD2840 TAC are discussed and compared in 
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2.3.1 Performance 
The performance of a LAN is measured in ·terms of 
throughput and queueing delay. The throughput is the rate 
at which user data is transported across the LAN, while the 
queueing delay is the time between the data being presented 
to the first station's NIU and its presentation to the 
destination node. 
(a) Throughput: 
The .IEEE 802.3 CSMA/CD Bus Throughput: 
The distributed and rand m nature of CSMA/CD means that 
there is a finite probability that more than one station 
will attempt to access the common medium at any particular 
time. The maximum throughput of this network is calculated 
assuming that all the active stations will always have data 
to send, i.e. a new frame is immediately queued once a 
frame has been sent. After the successful transmission of a 
frame, all the active stations will wait the required 
inter-frame period and then begin transmitting. Should more 
than one station be active, a collision will occur. Frame 
re-transmissions are then controlled by the truncated binary 
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To formulate the throughput efficiency, it is assumed 
that the probability of any one station transmitting 
immediately after a collision or successful transmission is 
P and the probability of that station not transmitting in 
the first slot is II - Pl. The probability of all Q active 
stations transmitting immediately after the collision is 
therefore pa, and the probability of all stations deferring 
transmission is jI-Pla· The probability of all but one 
station deferring transmission is: 
x= QP{l-PJCQ-I) ( 1) 
The truncated binary exponential backoff random delay 
-1 
generator attempts to give P a value of Q , which in turn 
maximizes x. The probability of only one out of Q stations 
transmitting in one slot time is A, and may be defined as: 
A= Xmax 
1 }(Q-1) 
={ 1 - Q 
( 2) 
The average number of slots wasted before a successful 
transmission occurs may now be calculated. The probability 
of any of the Q active stations transmitting immediately 
after the collision is simply A. The probability of a 
successful transmission after a sing le slot is Alt - Al. The 
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thus: A lh -All The mean of the sum of all the 
probabilities, i.e. the sum AllI -Al'.I for values of i from :1 
to infinity, will be the mean delay between successful 
transmissions. 
This mean, \V, is thus the average waiting time (in slot 
times) and is: 
00 • 
\V = L: A{t-Al 1 
i=l 
1-A --- A 
• • • ( 3 ) 
To ensure that the data presented to the MAC layer 
arrives at its destination correctly, it is placed into a 
frame. The creation of this frame requires the use of 
additional bits which in turn reduce the effective 
throughput. 
Two other factors combine to further reduce the 
efficiency of the network, these being the inter-frame delay 
and the minimum frame length required by CSMA/CD for 
collision detection. The inter-frame delay reduces the 
efficiency because no data transfer can take place during 
its ~uration. The minimum frame length does so because, if 
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frame, the difference is made up of padding characters. 
thus: 
The throughput efficiency of the CSMA/CD network is 
• • • ( 4 ) 
Where Td is the average time taken to send the LLC 
data. 
T5 is the slot time. 
Tpis the time spent sending padding 
characters. 
Tris the time spent sending framing 
characters. 
qis the inter-frame delay. 
\Vis the waiting time in slot times defined 
by ( 3) . 
The inter-frame gap and the framing bits are defined 
for the IEEE 802.3 network. The variables are the packet 
size and network propagation time. Using equation (4) and 
the following parameter values, the maximum throughput for 
the IEEE 802.j network may be calculated: 
1. Transmission speed = 1 Mbps. 
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3. Transmission path = 800 m. 
4. Frame length = 256 octets. 
5. Frame overhead = 138 bits. 
6. Inter-frame delay = 9.6 usec. 
The above values allow for a transmission rate of 
452.37 frames per second which corresponds to a maximum 
throughput efficiency of 92.65%. All the other parameter 
values, with the exception of the frame length, are fixed 
for the U.C.T. network. Figure 2.9 below illustrates the 
effect of the value of this parameter on the performance of 
the CSMA/CD network. 
The IEEE 802.4 Token-bus Throughput: 
The predominant cause of inefficiency in the Token-bus 
architecture is due to the rotation of the token around the 
logical ring. This is clear when one considers that a new 
token has to be generated and transmitted across the network 
for each token pass. If the token is B bits long, it will 
take B/C seconds to be transmitted from a station onto a 
network with a capacity Cbps, and take B/C plus the 
propagation time (Tp) to reach the most distant station. 
The Token rotation time (Tr) , when only the token is 
6irculating and no data is being transmitted, is thus the 
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of active stations on the logical ring (Q). 
• • • ( 5) 
If only one station is transmitting while the rest are 
simply passing the token, there will be a lower throughput 
because of the token regeneration at each station. It is 
clear that if more stations are transmitting information, or 
if more data is allowed per token hold, that the throughput 
will be proportionally higher. 
As in the CSMA/CD case, the frame overhead will reduce 
the information throughput of the network. The efficiency, 
S, of the token-bus network with transmitting nodes is 
thus: 
Where Td is the average time taken to send the 
data. 
• • • ( 6 ) 
Tr is the token rotation time defined by (5) 
Q is the number of nodes. 
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The values of Td and 'If- are adjusted where multiple frames may 
be transmitted per token hold. 
The two major causes of inefficiency are the number of 
nodes active on the logical ring that are not transmitting 
data frames, and the end-to-end propagation time. As the 
number of frame level overhead bits are fixed by IEEE, the 
variables are the number of non-transmitting stations active 
on the logical ring, the length of the network which effects 
the propagation time, the speed of transmission and the 
packet size. 
Equation (6) was used to calculate the maximum 
throughput for this network, using the following parameter 
values: 
1. Transmission speed = 1 Mbps. 
2. Number of active stations = 30. 
3. Transmission path = 800 m. 
4. Frame length = 256 octets. 
5. Frame overhead = 108 bits. 
6. Token frame = 9 octets. 
These values allow a maximum of 441.18 frames per second 
thus giving a maximum throughput efficiency of 90.35%. 
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of the time is being used to transmit frame overhead as 
opposed to user information, thus reducing the throughput 
efficiency. Mathematically this means "that the value of 
\in equation (6) is reduced which, in turn, affects the 
ratio of control to user data and thus the efficiency. 
Figure 2.9 below illustrates the effect of frame length on 
the throughput for the Token-bus network. 
The IEEE 802.5 Token-ring Throughput: 
In this architecture it is, again, the rotation of the 
token that is the major cause of inefficiency. However, in 
this case the network propagation time includes the NIU 
latency, i.e. the delay imposed by the NIU between 
receiving and relaying a bit. Because the IEEE 802.5 
Token-ring is a single token network, which means that a 
station must receive its own start-of-frame marker before 
issuing a new free token, the maximum throughput is 
dependent on whether the frame transmission time is longer 
or shorter than the network propagation time. 
It is clear that if the frame transmission time is 
shorter than the propagation time, the station will have to 
transmit idles until the start-of-frame marker returns, 
thereby reducing the throughput. In this case the maximum 
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( 7) 
Where 1d is the average time taken to send the 
·~data. 
Tr is the token rotation time defined by ( 8) 
Q is the number of nodes. 
Tr is the time spent sending framing bits. 
• • • ( 8) 
Where Tp is the propagation time for the whole 
ring (excluding NIU latency) • 
Q is the total number stations on the ring. 
Tl is the NIU latency. 
For the case where the frame transmission time is 
longer than the network rotation time, (7) is redefined as 
follows because the limiting factor is now the transmission 
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s = ___ t...;;d;,..__ _ 
11ct + ITr/Q + TrH 
( 9) 
Where Td is the average time taken to send the 
data. 
Tr is the token rotation time defined by · ( 8) 
Q is the number of actively transmitting 
nodes 
Tr is the time spent sending framing bits. 
The maximum throughput may now be calculated from 
equation (9) using the ~allowing parameter values: 
1. Transmission speed = 1 Mbps. 
2. Number of active stations = 30. 
3. Transmission path = 800 m. 
4. Frame length = 256 octets. 
5. Frame overhead = 104 bits. 
6. NIU latency = 1 bit time. 
Since the frame is 256 octets long, which equals a 
transmission time of 2.152 msec (for the data plus framing 
bits), while the network rotation time is only 31.667 usec 
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t~roughpu~ calculations used equation (9) instead of (7). 
The maximum throughput efficiency is therefore 95.12%. 
The major.contributers to the inefficiency are the 
latency of the NIU, the number of nodes that are not 
transmitting data and the packet size. The packet size 
determines the number of frames required, and thus the 
number of framing bits, for the supplied user data. 
The figure 2.9 below shows the dependence of the 
maximum throughput on the packet size of the frame for all 
the above networks. 
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As was expecte~, the maximum throughput improves for a 
larger packet size as the proportion of framing overhead to 
information bits is lower. Stallings [28) ·shows this trend 
for a larger range of packet transmission times. 
Figure 2.9 also shows tha~ there is little difference 
in this case between the maximum throughput for the three 
networks for a particular packet size and that the greatest 
effect is at low packet sizes. It is the Token-bus network 
that displays the lowest throughput due to the extra control 
information- required because the token is regenerated at 
each node. 
(b) Delay 
Throughput is related to the ratio of information to 
the sum of the control and overhead bits on the network. 
The delay, on the other hand,.might be defined as the amount 
of time taken by all seven network layers to transmit a unit 
of data between two application tasks. Included in this 
delay is the time taken to tranfer the data from the 
application task to the physical drivers, the time taken for 
it to be transmitted across the network, and the time 
required to pass it to the remote application task. In this 
section only the delay of the access control section of the 
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as the time between data being pres~nted at the LLC/MAC 
layer interface of the local computer to its presentation to 
the LLC layer by the MAC layer at the r~mote computer. 
This delay is determined by, firstly, the rate at which 
the data is supplied to the MAC layer, and secondly, the 
capacity of the .network. 
Firstly, with regard to the rate at which the data is 
supplied, there is a cut-off point, at the maximum 
throughput rate of the network, after which the network 
imposes infinite delay on the supplied data. In practice 
the delay increases slowly at first and then approaches 
infinity as the maximum throughput is neared .. This means 
that the load induced delay of a unit of data is determined 
by the proximity of the presented load to the maximum 
throughput of the network. (The maximum throughput is that 
value calculated for the different access methods in the 
previous section.) 
The secqnd part of the delay is due to the time taken 
by the network to carry the data frame from the source to 
the destination, i.e. the transmission delay. This is 
simply the length of the frame divided by the capacity of 
the network plus the propagation time for the network. The 
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two are linearly related. 
Bux, in reference [19), gives the transfer delay 
functions for the Token~ring, Slotted-ring, CSMA/CD and an 
ordered-access bus using the Multilevel Multiple Access 
(MLMA) scheme. The results for the CSMA/CD and Token-ring 
are. given below, as well as the transfer delay function for 
Token-bus network, which was derived from the Token-ring 
delay function. 
The CSMA/CD Transfer Delay Function: 
Equation (10) below is based on a derivation by 
Lam [20). This equation assumes that the CSMA/CD network 
does not become unstable and so produce infinite message 
delays under collision conditions but uses an adaptive 
algorithm, such as the truncated binary exponential backoff 
method, to ensure network stability. The arrival times of 
the MAC layer packets are assumed to be exponentially 
distributed. The transfer delay .(0) for the CSMA/CD network 
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+2re -
Where X is the packet arrival time. 
E[Tp] is the mean service time for 
the packet, both he der and data. 
r is the propagation time for the 
network. 
Fp(X) is the Laplace transform of the 
probability density function of 
the packet service time Tp. 
PAGE J-43 •; 
. . . ( 10) 
This equation was used in figure 2.11 below to 
illustrate the dependence of delay on load for the CSMA/CD 
network with the following parameter values: 
1. Number of active stations = 30. 
2. Data path length = 800 m. 
3. Data rate = 1 Mbps. 
4. Packet size = fixed length of 256 octets. 
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The Token-ring Transfer Delay Function: 
A Token-ring network may be modelled as shown in figure 
2.10 where there are as many queues as there are active 
stations attached to the network. The network services the 
queues in a fixed rotation, with a switching delay of 
~between each queue's servicing. This switching delay is 
the sum of the NIU latency and the propagation delay to the 
fol lowing station. The packets are queued at a rate of At· 
' ' ' 
Figure 2.10 - The Token-ring Model 
In the relationship derived by Bux [19], based on the 
discrete time approach model described by Konheim and 
Meister [26], both the packet arrival times, AL ' and the 
switching times, ~, are equal. Equation (11) assumes that 
the discrete time interval approaches 0, and the arrival 
times follow the exponential distribution. The transfer 











The U.C.T. LAN Architecture PAGE J -45 
- A Comparison of the Architectures 
( 11) 
Where \ is the packet arrival time. 
p is the load: 
E[Tp] is the mean service time for 
the packet, both header and data. 
r is the propagation time for the 
network. 
Q is the number of active stations. 
This model can account for single token network 
opera ti on by set ting the va 1 ue of Tp to equa 1 the ring 
rotation time, Tr, when Tp is less than Tr. 
Equation (11) was used in figure 2.11 to describe the 
dependence of transfer delay on the load for a Token-ring 
network with the following parameter values: 
1. Transmission speed = 1 Mbps. 
2. Number of active stations = 30. 
3. Transmission path = 800 rn. 
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5. NIU latency = 1 bit time. 
The Token-bus Transfer Delay Function: 
The Token-ring model, shown in figure 2.10, may also be 
used to describe the Token-bus. The stations on the bus are 
placed in an order and serviced in a fixed rotation, similar 
to the Token-ring. In the Token-bus the switching delay, 
~ , refers to the transmission of the entire token plus its 
propagation time to the next station, whereas ~ for the 
token-ring refers only to the NIU latency (usually only one 
bit time long) plus the propagation time to the next 
station. Another exception is that the token is transmitted 
immediately after the completion of the last (allowed) frame 
in the Token-bus, so the value of Tp is not adjusted for 
frames whose transmission time is less than their 
propagation time. 
The transfer delay is thus described by equation ( 11) ' 
except that the value of r is the sum of the token 
transmission time and the propagation time. This equation 
was also used to describe the function of load versus delay 
for the Token-bus network with: 
1. Transmission speed = 1 Mbps. 
2. Number of active stations = 30. 
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4. Frame length = fixed at 256 octets. 
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Figure 2.11 - Delay versus Load Characteristics. 
The Tqken-bus network displays the greatest delay for 
these specific parameter values, irrespective of load. This 
is not generally the case as can be seen when studying the 
characteristics given by Acampora and Hluchyj [29]. They 
show that for a higher propagation delay to transmission 
time ratio (a) the CSMA/CD would perform significantly 
worse, for loads above 50%, whereas the Token-ring's delay 
would not increase to the same extent. The Token-bus will 
always give the greatest delay at low loads because of the 
long token rotation time, but for higher loads its delay is 
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Conclusions with regard to delay by Bux [19) and 
Stuck [21] are more comprehensive: 
1. The transmission rate influences the delay on the 
CSMA/CD network more than the delay on the other 
networks. For instance, in the CSMA/CD network, 
the delay tends to infinity close to a load of 
unity for a 1 Mbps network, whilst on a 10 Mbps 
network infinite delay would be experienced at a 
load of about 65%. 
2. A change in packet length distribution, from a 
constant distribution to one that had large 
variations (according to a hyperexponential 
formula) , indicated that the delay induced by three 
networks was largely unaffected by the packet 
length distribution. 
3. A greater NIU latency increases the delay of the 
token-ring as the frame rotation is increased. 
This can also be seen by examining equation (11) in 
which the propagation delay, r, is effected by the 
NIU latency and so effects the transfer delay. 
This change in transfer delay is multiplied by the 
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4. A change in network length affects the propagation 
time and so the delay times for all three networks. 
Changing the network length whilst keeping the 
other parameters fixed has the inverse effect of 
adjusting the transmission rate. Thus, as in 1 
above, CSMA/CD is affected most by an increase in 
network length because the vulnerable period of the 
transmission, again, is increased. The two token 
networks are affected only in as much as the 
propagation delay affects the token rotation and 
frame transmission times. 
An important conclusion reached by Murray and 
Enslow [25] and Stuck [21] is that the delays caused by the 
higher level protocol and the interface circuitry are the 
major time consumers and that, by comparison, the access 
method does not significantly influence the time taken for 
data transmission. The efficiency of the control software 
is therefore more important than the access method used. 
2.3.2 Reliability 
Two factors which often influence the choice of a 
network architecture are its resilience under error 
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occurrence. Phinney and Jalatis (23] propose a number of 
error sources in their discussion of the error handling 
capabilities of the IEEE 802.4 bus. These are used here to 
examine the error handling abilities of the proposed 
architectures. 
The error sources are: 
1. Signalling and Noise Errors 
2. Medium Failure 
3. Transmitter and Receiver Failure 
4. Repeater Failure 
5. Station Malfunction 
6. Station Failure 
Signalling and noise errors are the result of 
environmental conditions such as impulse (terrestrial} noise 
or Rayleigh (shot} noise. These errors may also be a result 
of non-linear medium characteristics. Their occurrence 
would cause infrequent and intermittent errors on the 
network. 
The medium may fail because of shorts or open circuits 
caused by, for example, moisture, bad connections or 
breakage. 
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Firstly, the transmitter could continuously send data 
{jabber) or, secondly, the data rate or transmission power 
could drift. Receiver failure could manifest itself as 
deafness or signal attenuation. The frequency of occurrence 
of these errors is dependent on the design of the station. 
For instance, a jabber control is generally required so that 
a jabbering station does not cause total network failure for 
a prolonged period. 
If a repeater node fails it may divide the network in 
two, allowing it to contin~e but as two seperate networks. 
If the failure is in one direction only, part of the network 
will continue as a seperate network whil~t the other part 
will fail because it will hear network activity but will not 
be able to take part. 
A station malfunction is due to some failure on the MAC 
layer, e.g. the station may detect errors in the frame 
check sequence or in the address when, in fact, they are 
correct. 
Station failure could be caused by power failure or a 
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CSMA/CD Error Handling: 
The CSMA/CD network detects error conditions via the 
analogue collision detection hardware and the 32-bit frame 
check sequence (FCS) . 
It is unable to distinguish between short noise bursts 
and frame collisions, clearly a disadvantage, so there is no 
way of detecting short errors which trigger the collision 
detection hardware as errors and not collisions. This form 
of error will be recovered from by the frame collision 
re-transmission process. Should the noise error be too 
short to be seen as a frame collision, the corrupted bits 
will be detected by the FCS appended to the frame. A 
recovery procedure will then be initiated, usually leading 
to a frame re-transmi sion. 
Medium failure will cause network failure as data 
cannot be transmitted under such conditions. Where 
jabbering occurs (case 3), the whole network will be 
disabled as the network will always be seen to be active, 
thus disallowing access to other stations. If the station 
fails in any other way (cases 5 and 6), only the offending 
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Error Handling on a Token-bus: 
Bit errors are detected by means of a 32-bit Frame 
Check Sequence (FCS) . 
An error of type 1, i.e. noise errors, will corrupt 
one or more bits in any frame. The FCS will detect the 
error and recovery is achieved by retransmitting the 
corrupted frame. 
Should the medium fail, the whole network will be 
brought to a standstill as no data can be transmitted. 
Where the transmitter malfunctions and begins to 
jabber, the network will fail until the jabber timer halts 
the failed station. In the other causes of station failure 
or malfunction, detailed above, the responsible station will 
be excluded from the logical ring at the next token pass. 
If the station fails while holding the token, the lost token 
error recovery procedure, given in the first part of this 
chapter, will be invoked. 
The failure of a repeater will result in the isolation 
of a part of the network or the failure of the entire 
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Error Handling on the Token-Ring: 
Both Bux et al. [22] and Saltzer et al. (24] discuss 
the error recovery features of the Token-ring. In the 
Token-ring network any of the stations may be given the task 
of "monitor". It is the responsibility of the monitor 
station to maintain the network in a useable state and so it 
has the task of initialising most of the recovery 
procedures. 
Signalling and noise errors can cause the loss of 
single frames, including the token. If the token is lost, 
the monitor's rotation timer will expire. It will then 
clear the network by transmitting a string of idle 
characters. Once they have been transmitted around the 
network and are received by the monitor, it will issue a 
free token and tile network will continue as before. The 
corruption of any other frame will be detected by the FCS 
and a re-transmission will be requested by the destination 
node. 
If either the link between any two nodes or one of the 
nodes fails, the network will be disabled unless some 
precaution is taken to isolate the disabled section. This 
is generally accomplished with the aid of isolation relay 
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will result in the corruption of at least one frame, and 
perhaps the loss of a token. Recovery is as described 
above. 
Two other conditions must also be considered in a 
Token-ring: a continuously circulating busy token and a 
duplicate token condition. The first condition could be 
caused by noise adjusting the free-token bit in the header, 
thus converting a free token into a busy one. The duplicate 
token condition may be caused by noise converting a busy 
token into a free one, which will allow a second station 
access to the network while the first is still transmitting. 
(The IEEE Token-Ring is a single token network.) 
A circulating busy token is detected by the Monitor bit 
in the access control field of the frame header. This bit 
is always cleared by the originating station when it 
transmits a fra1ne, and is set when a frame passes the 
monitor station. Should it be set in a frame received by 
the monitor node, rneaning that the originating station has 
not reset it, the monitor will clear the ring by means of 
idle characters and then initiate the transmission of a free 
token. 
A duplicate token error will be discovered by the 
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incorrect source address in a received frame, resulting from 
another node having begun its transmitting simultaneously, 
or it will receive a second token. In both cases the node 
will complete its frame transmission but will not issue a 
free token. After a period the monitor will discover that 
there is no token and perform a lost token recovery 
procedure. 
2.3.3 Physical Level Considerations 
The third aspect that influences the choice of an 
architecture is the physical constraints of the network, 
e.g. excessive cabling requirements and poor noise 
immunity. A description of the important physical 
considerations of the networks under scrutiny follows. 
Physical Aspects of the CSMA/CD Bus: 
With the listen-while-talk feature of CSMA/CD, the 
collision detection section of the interface unit must be 
able to sense the presence of a distant transmitter while 
being in close proximity to the local transmitter. This is 
achieved by sensing analogue levels on the network and 
comparing them to those levels being placed on the network 
by the transmitter. Because the difference in these levels 
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This analogue component is clearly a constraint. 
Physical Aspects of the Token-bus: 
There are a variety of signalling methods available to 
the IEEE 802.4 network designer, e.g. phase-continuous FSK 
and duobinary AM/PSK. In each case co-axial cable is used, 
making it prone to noise, and care must be taken to ensure 
that earth loops do not exist. 
The sensitive analogue interfaces, required by CSMA/CD, 
are not required as the access method is entirely digital. 
Physical Aspects of the Token-ring: 
If a node or link on the Token-ring fails, the whole 
network will be brought to a standstill. Saltzer et 
al. [24] suggests that each link should be looped through a 
central hub. A relay, situated in the hub, can be activated 
remotely by the station. If either a link or the station 
itself should fail, the relay will bypass the station by 
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Figure 2.12 - Token-ring Hub 
Ring synchronization: The ring is a closed loop and if 
there is no synchronization around the ring, data will be 
interpreted incorrectly. Clock recovery, and therefore 
synchronization, is achieved by synchronizing a local 
oscillator to the r ceived data by detecting zero crossings. 
Owing to noise or imperfections in the clock recovery 
circuit, these zero crossings are distorted and cause 
deviations from the mean frequency in a random fashion, 
called "jitter". As the clock recovered from the received 
data is used to transmit the frame, the jitter can 
accumulate around the ring. In order to correctly track the 
data from the previous node, a narrow band Phase-Locked Loop· 
(PLL) is required at each node. To maintain stability, the 
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accumulated jitter. The data is then received by means of a 
PLL and written to an elastic first-in-first-out (FIFO) 
buffer from where it is transmitted at a frequency fixed by 
a crystal oscillator. 
2.4 Conclusions 
This chapter has compared the IEEE 802 networks with 
reference to their performance, their reliability and their 
physical constraints. Of the IEEE 802 networks the 
Token-bus was chosen because: 
1. It had the least complex physical level. 
2. The difference in throughput and delay between the 
Token-bus and the other networks, for the specific 
requirements of this network, was not significant. 
3. The Token-bus is at least as reliable as the other 
networks. 
The introduction of the WD2840 provided two more 
reasons for choosing the token-bus, viz.: 
1. It implements a ver&ion of the complex MAC layer, 
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thereby permitting a quick and simple network 
implementation and is also inexpensive and easy to 
use. 
2. Single chip controllers for the CSMA/CD and 
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